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Abstract 

The objective of this paper is to analyze the energetic potential of coppice forests in four countries from 
South-East Europe, using the statistical inventory data from individual countries. Wood density parameters 
for a variety of tree species were taken from some specific measurements in Macedonia, and combined with 
available sources from other countries. The article presents a harmonized approach to estimate biomass 
potential for energy production structured into area, stock, periodic annual increment and allowable annual 
cut by species group, for each of the four countries.
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INTRODUCTION

The availability of energy is becoming a major issue, and the demand for energy 
is growing every day. Concerning that fact, as well as the fact that the reserves of fossil 
fuels such as oil coal and natural gas are limited, the world is turning towards discovering 
and using new, alternative, renewable and environmentally friendly energy resources. 
One of these resources is biomass from forests. Wood has been used as energy source 
since the early days. While in Western Europe the use of firewood decreased in favour 
of fossil fuels, large parts of the human population in South-Eastern Europe (SEE) still 
depend on wood as energy source. In the wake of Kyoto Protocol the use of renewable 
resources for energy production has become a major issue in climate change mitigation 
(IPCC, 2007). Forest biomass plays a major role in the biomass action plans of EU 
as well as in most national policies in Europe. This interest in increased utilization of 
forest biomass resources gave rise to questions on the potentials and limitations of forest 
ecosystems to produce biomass in a sustainable way. The importance of forests as a major 
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source of global biodiversity has become well known during the recent decade. Not 
only as a source for utilization of wood and other non-wood products, but also for 
providing a multitude of other ecosystem services and functions. Forests contribute a 
substantial share of the energetic balance in Balkan countries, where significant shares 
of the population is heating with firewood or other biomass source (in Macedonia 75% 
of the heating energy is coming from firewood). Also the analysis of the World Bank 
predicts that the Balkan region is, or will be very soon, in a position where the energy 
availability will be restricted due to the lack of investments in the energy sector (World 
Bank Report, 2004).

The objective of this contribution is to estimate the potential of biomass for 
energy production from coppice forests in four countries in SEE and contribute to a 
more rational discussion about prospects and problems of forest biomass as a source of 
energy. The data sources that were used in this paper come from the national inventories 
of those countries, or from the actual forest management plans (Anonymous, 2006; 
SFA, 2007).

ESTIMATING THE BIOMASS POTENTIAL FROM COPPICE FORESTS

Coppice forest area
In order to establish the total energy potential of coppice forests in the selected 

countries: Croatia, Bulgaria, Macedonia and Serbia, we tried to present the actual 
coppice area. The results show that the total coppice forest area in those countries is 4 
274 796.90 ha, (cc 44% of the total forest area), out of which, about 512 000 are in 
Croatia, 1 740 000 in Bulgaria, 1 500 000 in Serbia and 550 000 in Macedonia. The area 
distribution by species, shows that different oak species (Quercus spp.) cover more than 
2 000 000 ha, beech (Fagus spp.) occupies about 660 000 ha, hornbeam (Carpinus spp.) 
500 000 ha, and the rest is covered with other broad-leaved species, that individually 
occupied smaller areas. The results of area distribution are presented in Table 1 and 2. 

Coppice forest growing stock
The total growing stock follows the trend of area distribution by species and it is 

presented in Table 2. The total growing stock of the coppice forests in these countries is 
about 408 000 000 m3. Highest growing stock is in different oak species with about 200 
000 000 m3, followed by beech with about 113 000 000 m3, hornbeam with about 40 000 
000 m3, and consequently the rest of the growing stock is contributed by other species. 

Annual increment
The annual increment distribution follows the trend of area and stock distribution 

by species and it is presented in Table 3. Total annual increment of the coppice forests 
in these countries is about 10 000 000 m3. Different oak species have the highest annual 
increment – about 5 000 000 m3/year, followed by beech with about 2 500 000 m3/year, 
hornbeam with about 1 000 000 m3/year, and consequently the rest of the increment is 
contributed by other species.
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Coppice forest annual allowable cuts
The annual allowable cut is approximated with about 6 000 000 m3, or about 

60% of the annual increment of coppice forests in these countries. This is an estimation, 
because up-to-date precise data was not available for Serbia, either for Bulgaria (species 
distribution). In Croatia it is about 590 000 m3, Bulgaria about 4 500 000 m3, and 
in Macedonia about 600 000 m3. The highest annual allowable cut is in different oak 
species with about 2 500 000 m3/year, in beech with about 2 500 000 m3/year and in 
hornbeam about 600 000 m3/year, and consequently about 400 000 m3/year come from 
other broad-leaved species. 

Energy value
The energetic value of forest biomass can be determined by several approaches, as 

a potential energy value of the wood reserve, energy value of the annual allowable cut or 
the real energy value of the actual annual cut.

The energy potential of the coppice forests in these countries can be determined as 
a potential of dry wood. In order to determine the energy potential, the specific density 
of biomass compartments of different forest tree species is required. The wood density 
and the energy potential (in equivalent of electric energy) for different forest species, as 
used in this contribution, are shown in the Table 4.

Considering that currently about 30% of the allowable cut from coppice forests is 
used for industrial purposes, the current potential for energy production is about 4 200 

Table 1
Area (ha) by species groups in coppice forests in four countries in South-East Europe

Species/Countries Croatia Macedonia Bulgaria Serbia Total

Quercus spp. 235 002.56 343 830 1 024 773 609 600 2 213 205.56

Fagus spp. 114 596.00 84 192 178 462 309 600 686 850.00

Carpinus spp. 59 376.74 46 334 290 376 113 600 509 686.74

Other broad-leaved 103 462.50 90 691 247 301 423 600 865 054.50

Total 512 437.90 565 047 1 740 912 1 456 400 4 274 796.90

Table 2
Growing stock (m3) of coppice forests in four countries in South-East Europe

Species/Countries Croatia Macedonia Bulgaria Serbia Total

Quercus spp. 15 062 711 15 644 422 98 505 249 76 744 547 205 956 929

Fagus spp. 16 307 097 9 159 568 31 733 185 59 537 907 116 737 757

Carpinus spp. 8 888 701 1 214 244 18 251 071 12 352 163 40 706 179

Other broad-leaved 11 423 656 2 274 586 14 736 887 32 554 297 60 989 426

Total 51 682 165 28 292 820 163 226 392 181 188 914 424 390 291
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000 m3. If average wood density is assumed to be 800 kg/m3 (t0), and average energy 
potential of the wood is 4.75 kW/kg, the total annual energy potential of the annual cut 
is about 15 960 000 000 kW/h, or about 16 000 GW/h.

DISCUSSION AND CONCLUSIONS

Coppice forests in SEE have significant potential to contribute to energy 
production. The great pressure that was exerted by high prices for fossil fuels or even the 
lack thereof in the recent decade, on one hand, and the emphasis on the renewable energy 
production in Europe (at least 20% of the total energy production as target according 
to biomass action plan of EU) are expected to influence future biomass utilization and 
energy production from coppice forests. Most European nations already have or are 
in the phase of development of national strategies for renewable energy development. 
The new technologies for co-generation of heat and electric power will largely influence 
changes in the traditional ways of wood use for energy generation. There are a lot of 
plants throughout Europe that produce heat or electric energy, and distribute it to 
the customers. That is not only a contribution towards energy production, but also a 
contribution toward reducing the pressure on other energy resources. The danger of over 

Table 3
Annual increment (m3) in coppice forests in four selected countries in South-Eastern Europe 

Species/Countries Croatia Macedonia Bulgaria Serbia Total

Quercus spp. 397 187 466 475 2 211 769 1 923 947 4 999 307

Fagus spp. 437 491 206 329 608 916 1 166 717 2 419 453

Carpinus spp. 236 268 48 035 416 600 279 226 980 129

Other broad-leaved 368 205 99 161 700 583 1 088 303 2 256 252

Total 1 439 151 820 000 3 937 868 4 458 193 10 552 212

Table 4
Wood density and energy values of some forest tree species

Wood species Density t0 (kg/m3) Density t12 (kg/m3) Energy value (kWh/kg)

Fagus moesiaca 703 726 4.78

Quercus petraea 782 800 4.84

Quercus pubescens 946 952 4.71

Quercus cerris 821 837 4.87

Quercus coccifera 912 917 4.58

Carpinus orientalis 876 895 4.64

Ostrya carpinifolia 828 863 4.77



67

use of the resource has been identified, but with strategies (i.e. criteria for sustainable 
forest management sense MCPFE) of sustainable forest management, this pressure 
should be eliminated.

The lack of energy is especially strong in the region of South-East Europe, in 
Macedonia, Serbia, Bulgaria, and other countries, and as it was shown in this contribution, 
the coppice forests could contribute to fill the gap.
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