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Abstract 

With its territory of 603,500 km2 Ukraine is one of the largest countries in Europe. Diversity of natural 
conditions determines geographical peculiarities of distribution of agricultural and forest lands in 
Ukraine. In this report four biomass types are addressed: energy crops, forestry biomass, agricultural 
residues and waste. All biomass potentials are estimated at a regional level (oblast). For the 
assessment the harmonized methodologies of resource focused approach basic statistical method (for 
the year 2008) and integrated assessment methods (for the years 2010, 2020 and 2030) were applied as 
described in the BEE Handbook. 
 
Theoretically the two major constituents of the potential are agricultural residues and energy crops. 
This is due to highly developed agriculture in the country and availability of large areas of unused 
lands which may be involved in growing energy crops. The theoretical biomass potential in Ukraine 
could reach up to more than 16 EJ for which around 95% comes from traditional food crops. 
 
The theoretical potential for forest biomass amounts 651 PJ annually. About 94% account for stem 
wood, 3% for primary and 3% for secondary forestry residues (averaged over different methods). The 
economic potential could be about 5% of the theoretical stemwood potential. 
 
In addition to the biomass types mentioned above, Ukraine also has a potential of feedstock for the 
production of liquid biofuels. This feedstock is corn grain for bioethanol and rapeseed for biodiesel. At 
the moment a big share of these kinds of feedstock is exported. The assumption is that at least part of 
the corn grain and rapeseed may be used inside the country for the production of bioethanol and 
biodiesel. 
 
Table 1 presents a summary of the illustration case results for Ukraine for different biomass types. 
Values are averaged over methods if more than one method was applied. Therefore the number might 
differ from the original values in the chapters above. The theoretical potential was estimated to amount 
more than 16,000 PJ annually, a large share being energy crops. However, on average only 30% of it 
are technically available (the technical potential of energy crops was not estimated). Largest 
differences between the theoretical and technical potential are observed for stemwood potentials (if 
material use is not considered a constraint, e.g. through full cascade use of bioenergy along the wood 
product chain). Also primary agricultural residues are estimated to have a much higher theoretical 
potential compared to the potential under technical constraints. Both, primary agricultural residues and 
stemwood also form the largest single potentials (after energy crops). 
 
The economic potential estimated by the integrated assessment method reveals that in the case of 
stemwood only 5% of the theoretical potential would be used under competition and less than 1% of 
the energy crop potential for the year 2010. There is, however, a temporal dynamic in the economic 
potential that is most pronounced in the stemwood potential numbers. 
 
According to the integrated assessment method, the economic potential could be increased 
substantially if subsidies would be introduced.  
 
The BEE method handbook was applied to the illustration case for Ukraine and documents how the 
methods collected in the handbook can be applied in conditions outside the European Union. In case 
of forest biomass potentials assessment main challenge with harmonization is not of lack of data but 
the absence of proper methodology, models and complete standard data sets. 
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Table 1: Summary of illustration case results for Ukraine for different biomass types. Values are 
averaged over methods if more than one method was applied (see *). Therefore the number might 
differ from the original values in the chapters above. Values in PJ per year for the year 2008 or 2010 
(depending on method). 

Biomass 
type 

Biomass type detail Theoretical 
potential 
(constrained 
value) 

Technical 
potential 

Economic 
potential 

Tech/ 
Theo 

Econ/ 
Theo 

Forestry Stemwood * 613 (264) 39 29 6% (15%) 5% 

Primary forestry residues * 14 11 4 79% 25% 

Secondary forestry residues 20 17 - 83% - 

total 647 67 - 10% - 
Agricultural 
residues 

Manure 90.9 68.1 - 75% - 

Primary agricultural residues 1135.5 415.1 - 37% - 

Secondary agricultural residues 32.9 18.3 - 56% - 

total 1259 502 - 40% - 
Energy crops 14172.7 - 6.0  - <<1% 

Waste Landfill gas 22.7 13.7 - 60% - 

Sewage sludge and sewage gas 6.3 4.0 - 63% - 

total 29 18 - 61% - 
TOTAL 16108 586  4%  
TOTAL without energy crops 1935 586  30%  

* Average over different methods 
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1. Introduction 

With its territory of 603,500 km2 Ukraine is one of the largest countries in Europe. The climate is 
temperate continental, excluding a narrow strip of subtropical climate on the Crimean South Coast. 
Continental climate increases from the west to the east. Based on a combination of natural vegetation 
and climate, the country is divided in the five bioclimatic zones – Polyssja, Forest-Steppe, Steppe, 
Carpathians and Crimea. Area of natural zones is as following: Polyssja – 102 thousand km2; Forest 
steppe – 194.7 thousand km2; Steppe – 224.2 thousand km2; Carpathians – 56.6 thousand km2; and 
Crimea – 26.1 thousand km2. 
 
In this report four biomass types are addressed: energy crops, forestry biomass, agricultural residues 
and waste (Table 2). Agricultural biomass more concentrated on the Central, South-Eastern and South 
part of the country in areas with most fertile soils while forestry biomass could be derived from the 
North part covered on 25-30 % by predominately Scotch Pine forests and from the Western part – 
Ukrainian Carpathian M-s, covered with spruce beech, fir, oak forests. All biomass potentials made for 
whole country and for every region – oblast. For assessment Harmonized methodology describe in the 
BEE Handbook were used that allow to summarize different types of biomass and to obtain total 
biomass potentials for year 2008. 

Table 2: Overview of Illustration case for Ukraine of methods used and biomass types addressed. 

 Method Basic statistical Economic/ integrated modeling 

Biomass categories Energy crops   X 

Forestry biomass  X X 

Agricultural residues  X  

Waste  X  

 
Estimation based on data of the State Forest Account shows live biomass of forest ecosystems in 
Ukraine contains ~23 EJ of energy (an equivalent of 779.5 million t of standard coal) of which ~18 EJ 
(602.4 million t of standard coal) in above-ground wood (Table 3).These data could be compared with 
the total consumption of fossil fuel in Ukraine in 2002 – 63.7 million t of standard coal (Lakida et al. 
2007). 
 
Other estimate (Lakida et al. 2007) of potential wood that could be used for energy production is 8.6 
million m3 which contain of 78.7 EJ energy (2.7 million t of standard coal). Regional peculiarities of 
the potential of use of wood for energy production based on earlier estimation are presented in Table 
5. Because firewood is used for heating (mostly in rural territories), the unused potential is indicated in 
the column “fuel wood without firewood”. 

Table 3: Energy content in live biomass of Ukrainian forests. 

Indicators Year 
1988 1996 2002 

Forested area, x103 ha 8621 9400 9491 
Growing stock, x106 m3  1320 1736 1765 
Phytomass, Tg C 465 616 641 
Above ground wood phytomass, TgC 365 487 495 
Energy content in forest phytomass, EJ 16.6 22.0 22.9 
Included in above ground wood, EJ 13.1 17.4 17.7 

 
According to reported data, the total potential biomass that could be used for energy production is 
between 10.6 and 17.6 million t of c.f. (Geletukha et al. 2002; Zhovmir et al. 2002). Earlier estimation 
indicates that the amount of wood and wood residuals which could be potentially used for bioenergy in 
Ukraine is substantial (Table 4), i.e., the current level could be increased by 10-15 times.  
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Table 4: Potential use of wood for bioenergy in Ukraine. 

Source of wood Amount of wood, x106 
m3 

Carbon, Tg C Energy 
potential, PJ 

Residuals of final harvest 2.6 0.67 24.0 
Residuals of wood processing 1.4 0.39 13.9 
Precommercial thinning  1.2 0.34 12.2 
Removed fuel wood 1.5 0.38 13.6 
Total 6.7 1.78 63.7 

 

Table 5: Potential of use of wood for energy production by oblast’ (Lakida et al. 2007). 

Region Fuel wood, total Fuel wood without 
firewood 

Consumption of fossil 
fuel PRFF, 

%%1 x103 t s.c. Percent x103 t s.c. Percent x103 t s.c. Percent 
AR Crimea 14.9 0.5 1.5 0.1 1177.7 1.8 0.1 
Vinnits’ka  88.6 3.2 38.9 3.6 1751.7 2.7 2.2 
Volins’ka 135.4 4.9 59.5 5.6 534.8 0.8 11.3 
Dnepropetrovs’ka 28.0 1.0 3.6 0.3 8214.4 12.9 0.0 
Donets’ka 39.0 1.4 3.3 0.3 11257.0 17.7 0.0 
Zhytomirs’ka 302.2 11.0 112.7 10.6 814.6 1.3 13.8 
Zakarpats’ka 231.5 8.4 122.0 11.4 488.5 0.8 25.0 
Zaporizhs’ka 9.0 0.3 0.2 0.0 3076.6 4.8 0.0 
Ivano-Frankivs’ka 122.7 4.5 53.6 5.0 2921.2 4.6 1.8 
Kyivs’ka 261.9 9.5 114.9 10.8 6452.3 10.1 1.8 
Kirovograds’ka 38.7 1.4 9.3 0.9 584.6 0.9 1.6 
Lugans’ka 60.2 2.2 20.7 1.9 4185.6 6.6 0.5 
Lvivs’ka 178.7 6.5 68.9 6.5 2809.0 4.4 2.5 
Mikolaevs’ka 13.5 0.5 3.9 0.4 1135.8 1.8 0.3 
Odes’ka 23.3 0.8 -0.4 0.0 2261.8 3.5 0.0 
Poltavs’ka 58.8 2.1 27.2 2.6 3769.1 5.9 0.7 
Rivnens’ka 206.2 7.5 68.8 6.5 1063.9 1.7 6.5 
Sums’ka 183.3 6.7 73.2 6.9 1633.0 2.6 4.5 
Ternopils’ka 44.3 1.6 22.4 2.1 727.8 1.1 3.1 
Kharkivs’ka 105.6 3.8 26.3 2.5 3693.6 5.8 0.7 
Khersons’ka 7.7 0.3 -6.6 -0.6 462.3 0.7 -1.4 
Khmelnits’ka 119.4 4.3 50.8 4.8 1054.6 1.7 4.8 
Cherkas’ka 92.6 3.4 35.3 3.3 2381.2 3.7 1.5 
Chernivets’ka 146.7 5.3 71.5 6.7 352.0 0.6 20.3 
Chernigivs’ka 238.7 8.7 85.3 8.0 969.2 1.5 8.8 

Total 2750.8 100.0 1066.6 100.0 63762.3 100 1.7 
1 PRFF – Potential of replacement of fossil fuel 
 
In next chapter forest biomass on national scale for Ukraine are assessed. The assessment is performed 
by applying basic statistical method with elements of spatially explicit method accordingly to 
harmonized methodology described in the BEE Methods Handbook. 
 

1.1. Forestry 

The forests of Ukraine are distributed very irregularly over the country (Figure 1, Table 18), as a result 
of climatic conditions and anthropogenic impacts over a long period of time. The largest forest 
territories are concentrated on the north and on the west parts of country, in Polyssja (mixed forests) 
zone and in the Ukrainian Carpathians. Coniferous forests occupy 42% of the total forested area, 
including pine (Pinus sylvestris L.) that dominates on 32% and spruce (Picea abies Karst.) and fir 
(Abies alba Mill.) that cover ~10%. Hardwood species cover 43%, of which European oak (Quercus 
robur L.) and common beech (Fagus sylvatica L.) dominate at 32%, and almost 15% of the forest area 
consists of softwood broadleaves and shrubs. 

 
Age structure of forest stands is as following: young forests – 32%, middle aged – 44, immature – 13, 
mature – 11% (Table 19). The overall average age is about 54 years. Artificial stands (planted forests) 
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consists amount near 50 % of the total area. Average growing stock on 1 ha of forested area is 186 
m3·ha-1, average change of growing stock volume (net growth) is 4.0 m3·ha-1·year-1 and varies from 
5.0 m3·ha-1·year-1 in Carpathians to 2.5 m3·ha-1·year-1 in the Steppe zone. The total growing stock 
exceeds 1.7 billion m3. Ukraine takes the 7th place in Europe in wood stock after Russia, Sweden, 
France, Germany, Poland and Finland (TBFRA-2000).  
 
During the last 50 years the forested area in Ukraine increased at about 1.5 fold basically due to 
extensive reforestation and afforestation programs during the period. However, amount of forests in 
some zones (particularly, in Steppe) is far from optimal in order to provide successful protection of 
environment, soil and water. From this point of no essential biomass potential should be expected in 
Steppe zone due to need to be in line with sustainability criteria.  
 
By their functional purpose, Ukrainian forests fulfil mostly ecological functions (water and soil 
protection, sanitary, recreation etc.) and have a substantial economic value. A major part of forests are 
managed by the State Committee of Forestry of Ukraine– 68%, Ministry of agricultural policy– 
24.0%, Ministry of Defense – 2.2%, Ministry of Extraordinary Situation – 1.6%, Ministry of 
Ecological Resources – 0.8%, others – 3.4%.  

 

 

Figure 1: Percent of forest cover in Ukraine by oblast’ (administrative region). 

 
Specially protected areas cover 4.7% of the territory of the country; of the total amount of such areas, 
almost 50% are forests. By January 1st 2006 2980 territories and objects of the natural reserved fund 
were accounted for on the area above 1 million ha (14% of the total area of the forest fund).  
 
Wood is a major industrial forest product in the country. Annual harvest of commercial 
(merchantable) wood comprises about 15 million m3 (including the State Committee of Forest 
Management – 12 million m3), of which final felling comprises 6.5 million m3 (including the State 
Committee of Forest Management 5.6 million m3). The distribution of harvested wood by tree species 
is presented in Figure 2. The major categories of wood usage after final felling are displayed in Figure 
3. 
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Figure 2: Distribution of harvested wood (final felling) by tree species. 

 
Logging is highly mechanized. Primary transport of wood is provided by wheel skidder LT-157, 
MTZ-82L and MTZ 82.2 (Belarus), LKT-81 and LKT-120 (Slovakia) etc. Power-saw felling is 
provided by chain saws (Stihl, Husquarna, Motor Sich). 

 

Figure 3: Major assortments of wood harvested by final felling. 

 
Annual level harvest (final felling) for better sustainability is limited by Annual Allowable Cut. AAC 
is assessed during the forest inventory and planning for each forest enterprise. During the last decade, 
the AAC comprised from 5.2 to 5.7 million m3 of commercial wood. Taking into account the current 
distribution of Ukrainian forests by age classes and a number of activities which are planned by the 
government, one can expect that during the next decade, AAC will increase at 10-15%. 
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In general, the intensity of harvest is substantially less than in other European countries - the rate of 
use of annual average increment (net growth) is in Ukraine about 40-50%. Annually only 0.9% of the 
total growing stock is harvested in Ukraine. 
 

1.2. Agriculture 

Condition of Ukrainian lands requires substantial improvements. Quality of agricultural arable lands, 
accounting now for 69.5% of the total Land Fund was historically classified as one of the best in the 
world (68% of arable lands are represented by the famous Ukrainian chernozyoms - "black fertile 
soils"). However, in the previous decades agricultural lands have been gradually and steadily 
deteriorating. The share of plough lands is 57.5% of the total land area, and approximately 80% for the 
agricultural lands. This is the highest index in the world. In the USA, for instance, plough lands 
constitute only 15.8% of the entire territory and in developed countries of Europe their share does not 
exceed 32%, while in the Steppe regions of Ukraine – Khersons’ka, Cherkass’ka, Kirovograds’ka, 
Vinnits’ka and Zaporizhs’ka oblasts - plough lands account for 85-89%. Research of the Institute of 
Soil Science and Agrochemistry indicated that optimal share of arable lands should constitute: for 
Polyssja – 15-25% of the total area, for Forest Steppe and Northern Steppe – 40-45%, Southern Steppe 
– 35-40%, Dry Steppe – 25-35% (see also Table 3). Due to this estimate, the total area of arable lands 
should be decreased in Ukraine at almost 10 million ha (Medvedev and Laktionova, 1998).  
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2. Forestry - Resource-focused statistical method 

2.1. Methodology 

For calculation of potential of forest biomass in Ukraine next definitions were used given in 
the BEE method handbook (BEE 2010): 

• Woody biomass - The mass of the woody parts (wood, bark, branches, twigs, stumps and 
roots) of trees, alive and dead, shrubs and bushes, measured to a minimum diameter of 0 mm 
(d.b.h.) Includes: Above-stump woody biomass, and stumps and roots. Excludes: Foliage. 

• Stemwood - Part of tree stem from the felling cut to the tree top with the branches removed, 
including bark. 

• The primary forest residues (wood harvest residues) include several types of woody biomass – 
biomass from pre-commercial thinnings (often the whole tree), logging residues (branches, 
tree tops and leaves or needles) and stumps. 

• The secondary forest residues (wood processing residues) include various types of biomass 
originating during industrial processing of timber: sawdust & cutter chips, bark, slabs, lump 
wood residues, black liquor. 

 
Stemwood 
Stemwood is one of the most important forest biomass types in the country. Stemwood for energy 
purposes coming after main kinds of harvesting activities like final harvesting, sanitary felling (for 
improving forest heath condition) and pre-commercial and commercial thinnings. Forest biomass 
potentials were assessed accordingly to methodology from BEE Methods Handbook and theoretical 
and technical potentials were obtained as a result. Both types of potentials were calculated per region 
(oblast), natural climatic zones and for the country as a whole. Sources of the data for calculations are 
given in the BEE Data Handbook.  
 
Due to peculiarities of available statistical data for forest sector of Ukraine, basic statistical method 
was modified for calculations of technical potential of stemwood. In particularly, amount of industrial 
wood that comes after certain type of harvesting were calculated not using share of industrial wood in 
the total volume of i-commercial thinnings or final felling in country x in year y like it was described 
in the Handbook, but based on actual volumes of harvesting of industrial wood and firewood (2008) 
that were provided by State Forestry Committee of Ukraine (SFCU) for forests that is under its 
authority (68% of all forests of Ukraine). Due to absence of reliable statistics about harvesting in 
forests of other constant users (Ministry of Agrarian Policy, Ministry of Military, Ministry of Natural 
Protection etc) for calculations were used coefficients that reflect relation between forest cover area of 
SFCU and other users for every oblast.  
 
Primary forest residues 
Primary forest residues are that part of forest residues that practically not in use for energy now in 
Ukraine. Brushwood and small diameter trees cut during first silviculture interventions accordingly to 
current forest management practice retained for decomposition, while crown components, brunches 
and other biomass that produced during final harvesting is burning up. This kind of practice is not 
appropriate at current conditions from economical point of view taking into account increasing of 
forest biomass demand on the market.  
 
Primary forest biomass residues assessment was made with use of basic resource oriented statistical 
method (Handbook), which allows obtaining figures for both theoretical and technical potentials for all 
oblasts, natural climatic zones and for Ukraine as a whole. In particularly, biomass expansion factors 
were used obtained from data base of field experimental data “Phytomass of forests of Ukraine”. 
Detail descriptions of sources of the data are given in the BEE Data Handbook. Biomass expansion 
factors were used for calculation of forest biomass potentials for forests of State Forestry Committee 
(68%), while for other forests, where there are no reliable statistics, extension coefficients were used 
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that reflects relation between areas of forests of State Forestry Committee and forests of other users for 
every oblast.  
 
Secondary forest residues 
Not long time ago, forest processing industry ignored use secondary forest residues that was related to 
low price of natural gas imported from Russia. During last period situation dramatically changed and 
much more attention is paid to energetic potential of residues generated by wood processing industry.  
For secondary forest residues assessment method that combined resource –oriented approach and 
simple statistical one were used.  
 
Assessment of technical potential of secondary forest residues was calculated based on BEE Methods 
Handbook. Assessment of theoretical potential was made based on statistical data about total volume 
of produced in the country residues by timber processing industry (BEE Data Handbook). 
Unfortunately due to a number of reasons in Ukraine practically absent statistical data related to 
timber consumption by wood processing industry and effectiveness of timber processing (ratio of 
volume of produced production and volume of consumed timber). Among reasons of this kind of 
situation could be mentioned next: numerous users of forests in Ukraine (Ministry, agencies etc – 
totally more 50) that often have their own processing enterprises which do not submit any statistics; 
decreasing of internal timber products market during last period; prevailing of export oriented 
tendencies in timber trade. That’s why use of method proposed in the Handbook we consider as 
incorrect under this circumstances. In the same time, it should be underlined that in case of availability 
of proper statistical data the Handbook method could be applied completely effectively in Ukraine as 
well. Theoretical and technical potentials were calculated also for all oblasts, natural climatic zones 
and for country as a whole. 
 

2.2. Potential for biomass 

2.2.1. Basic statistical method from the BEE method handbook 

The forest biomass potentials were assessed for total area of forested lands in Ukraine (closed canopy 
forests) that consist 9.4 million ha or 15.6 per cent of the Ukraine’s territory. The theoretical and 
technical potentials for forest biomass amount 312 and 89 PJ accordingly (Table 6) 
Analysis of obtained results shows that potential of forest biomass in Ukraine largely has regional 
features that reflect uneven distribution of forests over the territory of the country. For example, near 
35% of all forest biomass for energy purposes are concentrated in Polissia (Forest zone), near 30% in 
Carpathians M-s and in Forest-Steppe zone and only near 5% in Steppe zone of Ukraine. It should be 
underlined that most favourable from economical point of view energy biomass in essential volumes is 
concentrated in Carpathian region. In the same time, in this region substantially part of resources is 
technically unavailable because of absence of forest roads.  

Table 6: Potential of forest biomass in Ukraine (2008). 

Type of forest biomass Theoretical potential Technical potential 
PJ Mt PJ Mt 

Stemwood 263.72  14.7 49.95  2.79 
Primary forest residues 28.70  1.79 22.63   1.41 

Logging residues 19.73 1.23 17.65  1.10 
Thinning residues 8.97 0.56 4.98  0.31 

Secondary forest residues 19.82 1.11 16.50   0.92 
Total 312.24 17.6 89.08   5.12 

 
In other regions, availability or recourses and transport network is better, but arise a problem of 
technical capacity for effective use of potential of forests there. Taking into consideration age 
distribution of forests in Ukraine, it should be underlined that in nearest 10 year period dramatically 
will increasing share of mature stands that will lead to increasing of available volumes of forest 
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biomass for energy. So, Ukraine should be ready for this kind of positive changes in terms of securing 
proper legislation base and technological capacity for effective use of these potentials. 

2.2.2. Alternative assessment of energy potential of forest biomass based on per stand inventory 
information 

For purposes of better validation of applicability of basic statistical method of forest biomass 
assessment described in the Handbook alternative calculations based on per stand forest biomass 
assessment were done for one of the administrative regions of Ukraine – Chernigiv oblast. Forest 
inventory data for every stand in model enterprise – Dobrianka forest enterprise - were used for 
calculation together with mathematical models of biomass accumulation.  
 
State forest enterprise “Dobryanka” of Chernigiv regional administration of forestry is situated in 
North-Eastern part of Chernigiv region within the borders of Ukrainian Polissya (forest zone). The 
enterprise was chosen for the case study due to similarity of its stands by species composition and age 
structure to forests of Chernigiv region in whole. On the territory of the enterprise coniferous stands 
are prevailing, their share is over 80% (Table 7) and 90% of the stands are comprised by Scots pine 
(Table 8). 

Table 7: Distribution of forested land and growing stock by groups of forest- species. 

Indicators Groups of tree species Total 

conifers hardwood broadleaves softwood broadleaves 
Area, thou. ha 25995 2562 7650 36207 
Growing stock, thou m3 7637 588 1279 9504 

Stock percentage 80.4 6.2 13.5 100 

 

Table 8: Share of major forest-forming species within groups of forest-forming species. 

Conifers Hardwood broadleaves Softwood broadleaves 
pine spruce oak others birch aspen alder 
99.6 0.4 99.1 0.9 70.3 7.0 22.7 

 
Assessment of energy potential of forest biomass in state forest enterprise “Dobryanka ” is greatly 
influenced by growing stock structure in terms of age group distribution (young, mid-aged, immature, 
mature and overmature), since age structure (see Table 9) determines management measures to be 
planned, which directly affects amount and assortment structure of harvested timber. Around 40% of 
stands of the enterprise play mainly ecological functions and are taken out of timber harvest. 
 

Table 9: Growing stock percentage distribution by age groups, %. 

Group of forest- 
forming tree species 

Age group Total young mid-aged immature mature and over mature 
Conifers 7.9 38.2 39.3 14.6 100 

Hardwood broadleaves 6.0 55.7 23.8 14.5 100 
Softwood broadleaves 4.1 43.2 28.2 24.5 100 

 
 
 
 
Methodology of alternative assessment 
Assessment of potential of forest biomass was done based on stand-wise mensurational characteristics 
of stands of the enterprise. During assessment next factors were taken into account on stand-wise basis 
in model: 

• the management measures (thinning, sanitary cutting, final felling and other cuttings); 
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• land category (production forests, green forest belts, nature conservation forests, forests of 
green zones, and forests reserves); 

• stand age (up to 20 years – thinning of young forests, 20 – 80 years – first commercial 
thinnings and sanitary cuttings, after age of 80 – final felling in production forests); 

• major forest-forming tree species (pine, oak, birch etc.) and relative stocking (defines thinning 
intensity). 

 
Application of the abovementioned factors is regulated by forestry-related laws of Ukraine (Rules for 
final fellings in forests of Ukraine, Rules for improvement of sanitary state of forests, normative for 
determining age of final felling etc.). For example, in pine stand with area of 7 ha (block 26 of Ripky 
forest management unit) and the following mensuration parameters: age – 9 years, relative stocking – 
0,92, growing stock – 126 m3, a pre-commercial thinning with intensity of 20% is planned. This 
means that it is possible to get 25 m3 of wood from this stand for energy needs. When planning 
commercial thinnings, assortment structure of harvested timber is taken into consideration as well 
(share of merchantable timber and firewood). 
 
Potential of primary residuals (crown branches, stumps etc.) was assessed as well. This was done by 
means of Biomass expansion factors, which describe ratio between volume of stemwood and mass of 
the residuals (see BEE Methods Handbook). Assessment of potential of secondary forest residuals was 
done based on expert judgments of employees of the enterprise, taking into account amount of 
roundwood exported. Unlike stemwood and primary residuals, potential of secondary forest residuals 
was assessed for the enterprise in whole. Assessment of potential of secondary forest residuals is more 
subjective, nevertheless, it is suitable for prognostic assessments. In order to secure comparability of 
results of the assessment with results of previous study for Chrenigiv region, results of the assessment 
were upscaled to regional level by means of forested land ratio.  
 
Use of the described information allowed assessing potentials for forests of Chernigiv regional 
administration of forestry and hunting of State forestry committee of Ukraine. Due to lack of stand-
wise data as described above and any statistical data for other holders, quotient for describing forested 
land ratio between Chernigiv regional administration of forestry and hunting and other holders within 
the borders of Chernigiv region.  
 
Assessment results 
The results of the potential assessment are presented in Table 10, Table 11. The results show 
theoretical and technical potentials (in PJ).  

Table 10: Compare of results of forest biomass potential assessment by using basic statistical method 
(BEE method handbook) and alternative stand-wise method in Chernigiv region (2008). 

Type of 
forest 

biomass 

Theoretical potential, PJ/Mt Technical potential, PJ/Mt 
Basic Statistical 

method (Handbook) 
Alternative stand-

wise method 
Basic Statistical 

method (Handbook) 
Alternative stand-wise 

method 
PJ Mt PJ Mt PJ Mt PJ Mt 

Stemwood 20.10 1.124 15.31 0.856 2.85 0.159 2.90  0.162 
Primary 
forest 
residues 

1.80 0.112 1.76 0.109 1.70 0.106 1.69  0.105 

Secondary 
forest 
residues 

1.60 0.089 1.54 0.081 1.34 0.075 1.36  0.076 

Total 23.50 1.325 18.61 1.046 5.88 0.340 5.96 0.343 
 

Table 11: Results of assessment of potential of forest biomass in State enterprise “Dobryanka forest 
economy” based on stand-wise method (2008). 

Type of forest biomass Theoretical potential Technical potential 
PJ Mt PJ Mt 
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Stemwood 1.18 0.066 0.23 0.013 
Primary forest residues 0.14 0.009 0.13 0.008 
Secondary forest residues 0.12 0.007 0.11 0.006 
Total 1.44 0.082 0.47 0.027 
 
Analysis of obtained results of alternative stand-wise assessment allow to conclude that basic 
statistical method (Handbook) provides a good level of precision and could be used for national and 
regional forest biomass assessment in both regional and national scales in countries like Ukraine, e.g. 
with big biomass potential, low use and insufficient data that do now allow using more advanced 
methods.  
 
Difference in theoretical potential assessment with use two methods near 20% determined with fact 
that during using of stand-wise method better accounted category of forest land, that exclude any 
possibility to harvest timber for energy purposes on lands with high conservation or other values. 
Close results obtained in technical potential assessment could be explained by fact that in both 
methods real (statistical) volumes of harvesting were used.  
 
Stand-wise methods that were used in a case study has more practical importance because it allows to 
make long-term forecasts of forest biomass potentials (in case of availability of growth models of 
main tree species), while basic statistical method allows to make national or regional assessment only 
for certain year when statistical data are available. Negative feature of stand-wise method in compare 
with basic statistical method is limitation in access to and to use of forest inventory information.  
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Figure 4: Potentials of forest biomass in Ukraine (2008). 
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2.3. Analysis and discussion 

2.3.1. Data gaps and methodological challenges 

Analysis of applicability of developed in a Handbook methods allow to underline that the methods 
obviously is appropriate for biomass potential assessment in international level and regional levels and 
should be used in international joint projects for European region. On the other hand, uncertainties in 
results of biomass assessment will be in case of assessment of diverse in economical and other sense 
and large in areas regions. It will be difficult to take into account properly and reflect in the results 
numerous regional and national peculiarities like legislation, statistics, its reliability and availability, 
forest data, forest management systems etc. Important conclusion in this case is that that we should not 
try to take into account everything and create “ideal” methodology. It obviously will lead to increasing 
of complexity of the assessment process. It is, probably, impossible to make precise assessment for 
large regions. National peculiarities could not be taken into account completely that always bring to 
some deviations in results. Situation on the national markets and with national and regional resources 
are very dynamic and diverse and need to be monitored rather more often with simple methods instead 
of very rare assessment with complicated method. Approach of the Handbook with developing of 
methods with different levels of details is very much appropriate. 
 
The main problem of basic statistical approach is that it is not allow obtaining future potential, while it 
gives amount of biomass for certain period, usually in the past, when statistical data were collected. 
From this prospective there are certain challenges for harmonization of biomass potentials assessed 
with application of different methods. For example, use of forest inventory data per every forest stand 
together with empirical mathematical models will give a possibility for more flexible and precise 
assessment. Negative side of proposed per stand approach that it is more time consuming because 
related with large pools of data. Positive side of is that it allow to obtain results for any particular time 
period. Assessment based on per stand approach also gives good potential for use of spatially explicit 
method if required. 

2.3.2. Implementation issues 

At the moment there is certain legislative framework already created in Ukraine. In 2009 Parliament of 
Ukraine approved law of Ukraine “About alternative type of fuels”. The law provides all need 
legislative conditions and economical incentives for implementation of modern technologies of use of 
forest biomass for energy purposes. In parallel, by order of Cabinet of Ministries of Ukraine 25 
millions of Ukrainian HRN (2.5 mln Euro) were designated from stabilization fund of Government for 
purchasing 10 technological complexes for harvesting and utilization forest residues and low 
diameters timber to energy (fuel) pellets and its transportation to boilers of municipal or regional 
levels. This kind of decree shows that the issue now is in the level of national priorities and policy and 
Government is trying to create some legislative and economic environment for developing of use of 
biomass for energy purposes.  
 
In the same time current economical condition and, in particularly, impact of world financial crisis 
does not create favourable conditions for large scale utilization of secondary forest residues into bio 
fuel. There is a lack of big wood processing enterprises where economically feasible volumes of 
residues can be accumulated, while logistics costs of deliver from numerous middle and small size 
enterprises is too high and reduce of potential profitability of pellets production.  
 
At the moment, only few wood processing enterprises in Ukraine left that can process 25 000 cub m of 
timber and more per year. It happens due to number or reasons such as low average percentage of 
forest cover lands (15,7%) (except Carpathian and Polissia regions), reduce import of timber from 
Russia, high level of fragmentation of forests, deterioration of forestry infrastructure etc. All these 
factors plays negative role in implementation of modern technologies of fuel production from biomass 
like wood pellets, briquettes and liquid biofuels. Taken into consideration abovementioned, 
development of large and complex wood processing enterprises with annual volumes of processing 
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more 100 thou cub m and production of modern fuel types from residues should be approved as a 
strategic goal in Ukraine. Important feature of this kind of production should be a creation of closed 
technological cycle of wood processing starting with harvesting and ending in pellets or other type of 
fuel. Production process should start from forest site and forest road including all logistics and other 
stages that guarantee high economical efficiency, low production costs and in the end highly 
competitive price in compare with oil and gas. 
 
Lack of forest road network with optimal density and their low quality, absence of internal production 
of special machines for timber harvesting and transportation are other important reasons that make 
negative impact on intensity of development of market of biomass for energy purposes. Accordingly 
to expert estimations for ensuring proper availability of forest recourses of Ukraine 500 km of new 
forest roads of high quality should be constructing annually based on use and implementation of 
modern innovative approaches and technologies that substantially can reduce costs for road 
construction.  

2.3.3. Sustainability issues 

Implementation of the assessed technical potential does not contradict any sustainability criteria 
described in the Methods handbook. 
 

2.4. Conclusions and recommendations 

Forest biomass is important, first of all, in two highly forested regions of Ukraine – Carpathian M-s 
and Ukrainian Polissia. Less important for forest biomass but still available for biomass production is 
the Forest-Steppe region where forests are fragmented, but large amount of agriculture biomass is 
available as well. 
 
Basic statistical method absolutely can be applied in case of countries where there is a lack of 
information about spatial distribution and use of biomass, while available reliable statistical data on 
biomass harvesting on national and regional level. Application of the method allows obtaining 
theoretical and technical biomass potentials for the period when statistics were collected. It is not 
allow making assessment of future potentials or providing assessment of economical potential.  
 
Availability of reliable forest inventory information together with mathematical models described 
biomass expansion factor for different species, sites, forest types, ages of forests and regions allow 
calculating potentials for any period of time, gives a good perspective for spatial assessment but it is 
much more time and labour consuming. 
 
For obtaining better quality and precision of biomass assessment GIS approach need to be applied 
together with development of new models for including economical (cost-supply approach) and others 
important parameters. In case of forest biomass potentials assessment main challenge with 
harmonization is not of lack of data but absent of proper methodology, models and complete standard 
data sets. Use of same basic statistical methods for Ukraine for different biomass types (forestry and 
agriculture) resulted in good harmonization of potentials for the country. In the same time 
harmonization with other IC were not reached because of different time frame. 
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3. Agriculture - Resource-focused statistical method 

3.1. Methodology 

According to definitions given in the BEE method handbook (BEE 2010): 
• Primary Agricultural Residues (PAR) are those materials which remain in fields as by-

products after the primary product of crops has been harvested. These include different 
materials like cereal grain straws, of wheat, barley, rice, etc., corn stover (stalk and leaves), 
etc. 

• Secondary agricultural residues (SAR) are specific type of residues and include quite a wide 
variety of biomass types. SAR arise during processing of agricultural products for food or feed 
production. They are bagasse, sunflower husks, rice husks, nut shells, cocoa bean shells, 
kidney bean shells and other biomass of such a kind. 

• Manure is organic matter used as organic fertilizer in agriculture. Animal manure includes 
farmyard manure or farm slurry (liquid manure). 

 
Primary agricultural residues 
Regarding PAR the most important type of agricultural biomass available for bioenergy is straw. It is 
produced after the harvesting of, mainly, cereals or other annual lignocellulosic crops and rape. The 
parameters which affect the straw potential are the area of land covered by these crops and the amount 
of straw produced per tonne of a crop. Competitive uses reduce the straw potential for bioenergy like 
the use for animal litter and feed. 
 
Assessment of PAR potential is performed on the basis of the resource-focussed advanced statistical 
method described in the BEE Methods Handbook. The method gives opportunity to calculate 
theoretical and technical potential of biomass. Data items required for the advanced statistical method 
are: cultivated area of crops (ha), agricultural production of crops (t/ha), site specific product to 
residue ratio of the crops, availability of residues for the crops according to current harvesting system, 
sustainability factor (region specific), and availability of residues for animal husbandry (region 
specific). Sources of the data are given in the BEE Data Handbook. In this report, the data are taken 
and calculations are made not only for a country as a whole but also for the country’s regions 
(oblasts). 
 
The following agricultural crops are considered in the assessment of PAR: 

• wheat  
• barley 
• maize for grain 
• other cereals as a whole (rye, oats, millet, buckwheat, rice) 
• rapeseed 
• sunflower 

 
Secondary agricultural residues 
In fact SAR are generated and collected at the enterprises which process agricultural crops for 
food/feed production. The parameters which affect the residues potential are the processed volumes of 
agricultural crops and the amount of residues produced per tonne of a crop. Competitive uses reduce 
the SAR potential for bioenergy like the use for animal feed. 
 
Assessment of SAR potential is done by means of the resource-focussed basic spatially explicit 
method described in the BEE Methods Handbook. The method gives opportunity to calculate 
theoretical and technical potential of biomass. It is based on regional statistical data that is plotted in a 
spatially explicit way. Data items required for the basic spatially explicit method are: actually 
processed volumes of agricultural crops (t), product to secondary residue ratio of the crops, availability 
factor and use factor of the crops. Sources of the data are given in the BEE Data Handbook. 
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In Ukraine’s conditions, the following types of secondary agricultural residues are taken into account: 
• sugar beet bagasse; 
• rice husks; 
• sunflower husks. 

 
Manure 
Assessment of manure potential is performed by applying statistical method described in the BEE 
Methods Handbook. The method gives opportunity to calculate theoretical potential of biomass. It is 
based on regional statistical data that is plotted in a spatially explicit way. Data items required for the 
method are (for different types of livestock): number of heads, amount of manure (t/head), and biogas 
yield for livestock manure (m3/t). Sources of the data are those given in the BEE Data Handbook.  
 
Comment: In this assessment, the availability factor (Av) is additionally applied with the purpose to 
evaluate also the technical potential of manure. 
 
For Ukraine, manure of three categories is assessed: 

• cattle manure; 
• pig manure; 
• poultry manure. 

 

3.2. Potential for biomass 

The results of the potential assessment are presented in Table 12 and Figure 5-Figure 7. The results 
show theoretical and technical potentials (in PJ).  

Table 12: Potential of agricultural residues in Ukraine (2008). 

Type of agricultural residues Theoretical potential, PJ Technical potential, PJ 
Primary agricultural residues 1135.52 415.05 
Secondary agricultural residues 32.90 18.29 
Manure (biogas) 90.87 68.09 
Total 1259.29 501.43

 
It is obvious that primary agricultural residues make up the lion's share of the technical potential 
(83%) followed by manure recalculated into biogas (14%) and secondary agricultural residues (4%). 
Distribution of agricultural residues over the country is rather unequal depending mainly on sawn 
areas and animal livestock in the regions. The major part of the potential falls upon central regions of 
Ukraine. 
 
Two sustainability issues may arise here: 1 - potential competition between the use of residues for 
energy purposes and for animal husbandry; 2 – possible depletion of organic matter in the soil and 
nutrients in agricultural lands because of removal straw from fields. These issues are taken into 
account while calculating the technical potential through sustainability factor, availability of residues 
for animal husbandry, and use factor. 
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Figure 5: The potential of primary agricultural residues in Ukraine (2008). 
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Figure 6: The potential of secondary agricultural residues in Ukraine (2008). 
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Figure 7: The potential of biogas from manure in Ukraine (2008). 
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3.3. Analysis and discussion 

3.3.1. Data gaps and methodological challenges 

The methods used for the assessment can be considered quite appropriate, and required data are 
basically available. Nevertheless further specification of the following data/factors may be very 
helpful: 

- site specific product to residue ratio; 
- sustainability factor, region specific; 
- availability of residues for animal husbandry, region specific; 
- use factor, region specific; 
- yields of manure per livestock. 

Continuous literature review can provide an update of these factors. 

3.3.2. Implementation issues 

Currently, woody biomass is the major type of biomass which is used for energy production, mostly 
heat - about 30 PJ/yr. It is firewood (domestic boilers in households) and wood waste/wood chips 
(industrial boilers at forestry and woodworking enterprises). Besides some amount of straw, manure 
and sunflower husks is also utilized for energy purposes but their contribution to Ukraine’s energy 
balance is negligible. At present more than 20 straw fired boilers are in operation at agricultural 
enterprises and schools in rural areas. Practically all the oil-extraction plants have boilers which 
produce heat from sunflower husks. Three large biogas plants generate power from manure. In 
addition, there are a few experimental plantations of energy crops belonged to different 
institutions/organisations, but there are no officially arranged production and utilisation of energy 
crops. Up to 100 small-scale installations produce pellets and briquettes form wood and agricultural 
residues. 

 
One of the main barriers to wide utilisation of straw potential in Ukraine is rather high cost of straw 
fired boilers. This applies to the boilers of foreign manufacture as well as to the boilers of domestic 
production. Currently there is a monopolistic manufacturer of straw fired boilers in Ukraine, and it 
keeps prices which are high for most potential consumers. Another important problem is unstable 
supply of straw. Practice of long-term contracts for biomass supply is not established in Ukraine yet. 
An owner of a straw fired boiler is aware that there is possibility of problems with straw supply unless 
it is his own straw. Two ways can be suggested to solve these problems: 

- introduction of a 20% state subsidy for the purchasers of biomass boilers; 
- establishment of companies which business would be providing secure and stable supply of 

biomass to consumers. 
An issue to be solved for implementation of manure (biogas) potential is toughening of environmental 
policy. If an agricultural enterprise/farm had to pay a fine for disposal of untreated manure, it would 
be encouraged to introduce biogas installation and to sell digested manure as fertilizer. 

3.3.3. Sustainability issues 

Implementation of the assessed technical potential does not contradict any sustainability criteria 
described in the Methods handbook. 
 

3.4. Conclusions and recommendations 

Ukraine has quite a big potential of biomass available for energy production. It can cover 13-15% of 
its total primary energy consumption. The two major constituents of the potential are agricultural 
residues and energy crops. This is due to highly developed agriculture in the country and availability 
of large areas of unused lands which may be involved in growing energy crops. 
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The theoretical and technical potentials of agricultural residues are assessed by resource-focussed 
statistical and spatially explicit methods described in the BEE Methods Handbook for which the data 
are basically available. While applying these methods, further specification of product to residue ratio, 
availability factor and use factor is needed to make the results more precise. Continuous literature 
review can provide an update of these factors. 
 
For the future, it can be recommended to apply the cost supply methods to assess the economic 
potential of agricultural residues in Ukraine. 
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4. Waste - Resource-focused statistical method 

4.1. Methodology 

Organic waste, also called biomass waste, biomass waste or tertiary residues, origin from the final use 
of biomass containing products. Important examples are biodegradable municipal waste, demolition 
wood, and sewage sludge. Generally these wastes are released throughout the country and collected, 
transported and treated according to national and regional regulations for waste treatment, by public 
and/or private organisations. Unlike dedicated energy crops, organic waste is not produced specifically 
for use as an energy source nor does it serve important environmental functions. Organic waste is 
already produced in significant quantities. It is the result of economic activity and the production of 
goods in almost all sectors of the economy. In order to minimise negative environmental effects and 
promote positive environmental effects of (organic) waste processing, policy and legal frameworks are 
in place to promote minimisation of waste production, recycling, and energy generation. Therefore, 
the availability of organic waste for energy is usually determined taking into consideration the 
regulatory framework.  
 
According to definitions given in the BEE Methods Handbook: 
 

• Biodegradable municipal waste is waste from households, as well as other waste, which, 
because of its nature or composition is similar to waste from households that is capable of 
undergoing anaerobic or aerobic decomposition, such as food and garden waste, excluding and 
paper and paperboard. 

• Landfill gas (LFG) is all the gases generated from landfilled waste. 
• Sludge means: (i) residual sludge from sewage plants treating domestic or urban waste waters 

and from other sewage plants treating waste waters of a composition similar to domestic and 
urban waste waters; (ii) residual sludge from septic tanks and other similar installations for the 
treatment of sewage; (iii) residual sludge from sewage plants other than those referred to in (i) 
and (ii). 

• Sewage gas is biogas produced during anaerobic digestion of sewage sludge which is applied 
to stabilise the sludge. 

• Construction and demolition wood is one part of construction and demolition waste which 
arises from activities such as the construction of buildings and civil infrastructure, total or 
partial demolition of buildings and civil infrastructure, road planning and maintenance. 

 
Taking into account the local conditions, for Ukraine illustration case the potentials of LFG and 
sewage gas are assessed. 
 
Landfill gas 
In Ukraine, according to existing legislation municipal solid waste (MSW) must be disposed of to the 
landfills. So, assessment of the potential of organic waste is reasonable in terms of LFG production. 
 
Assessment of LFG potential is performed on the basis of the resource-focussed advanced spatially 
explicit method described in the BEE Methods Handbook. The methane emissions of individual 
landfills can be estimated using the CDM ‘Tool to determine methane emissions avoided from 
dumping waste at a solid waste disposal site’ [4]. This CDM tool uses a similar method as described in 
the IPPC Good Practice Guide [5] but is focused on individual waste disposal sites. The tool is 
primarily designed to estimate methane emission reductions, but can be used to estimate the total 
emissions of a landfill, called Solid Waste Disposal Site as well. 
 
The method gives opportunity to calculate theoretical and technical potentials. To calculate the 
technical potential, only the landfills attached to cities with population over 50 th. people are taken 
into account. 
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Sewage gas 
Sewage sludge is produced from the treatment of wastewater. First, a raw primary sludge is obtained 
that needs to be further stabilized for transportation. The treatment is done either anaerobically or 
aerobically. In the first case, sewage gas is produced that consists mainly of methane.  
 
In Ukraine, sewage sludge is considered to be waste. It is not used in agriculture or as compost but it 
can be utilized for sewage gas production. So, it is reasonable to assess the potential of sewage sludge 
in terms of sewage gas generation. Assessment of sewage gas potential is performed on the basis of 
the resource-focussed basic spatially explicit method described in the BEE Methods Handbook. The 
method gives opportunity to calculate the theoretical and technical potential of the sewage gas. The 
method is based on regional statistical data that is plotted in a spatially explicit way. While calculating 
the technical potential, only waste waters which are actually treated at aeration plants are taken into 
account. 
 
Data items required for the basic spatially explicit method are: amount of sewage sludge treated in 
urban sewage plants in the country in year y (tonnes/year), amount of sewage sludge produced in 
industrial sewage plants in the country in year y (tonnes/year), organic dry matter of sewage sludge in 
urban & industrial sewage plants (%), gas yield (m³/kg organic dry matter), lower heating value of 
sewage gas (MJ/m³). Sources of the data are the national statistics and expert estimation. 
 

4.2. Potential for biomass 

The results of the potential assessment are presented in Table 13. and Figure 8-Figure 9. The results 
show theoretical and technical potentials (in PJ). It is obvious that major parts of the potentials are 
associated with regions (oblasts), which include big cities like Kyiv, Donetsk, Dnipropetrovsk, Odesa. 

Table 13: Potential of organic waste in Ukraine (2008). 

Type of organic waste Theoretical potential, PJ Technical potential, PJ 
Landfill gas 22.65 13.65 
Sewage gas 6.25 3.96 
Total 28.9 17.61

 

4.3. Analysis and discussion 

4.3.1. Data gaps and methodological challenges 

Landfill gas: The method used for the assessment of LFG potential is based on a model which includes 
a lot of input data and correction factors. To obtain correct results the input data should well 
correspond to the local conditions of the country. Continuous specification of the relevant input data 
and factors is an essential condition for obtaining reliable results. 
 
Sewage gas: The method used for the assessment can be considered quite appropriate, and required 
data are basically available. Nevertheless further specification of the following data/factors may be 
very helpful: 

- sludge formation factor; 
- yield of gas per kg of organic dry matter. 

Continuous literature review can provide an update of these factors. 
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Figure 8: The potential of landfill gas in Ukraine (2008).
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Figure 9: The potential of sewage gas in Ukraine (2008). 
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4.3.2. Implementation issues 

Currently in Ukraine there are six systems for LFG extraction and utilization including two 
demonstrational. In all cases LFG is used for power production. Before 2010 the landfills in Ukraine 
were not obliged to construct and use the system for LFG collection and utilization. The law passed in 
January 2010 prohibits designing, construction and operation of landfills, which are not equipped with 
the system for biogas and filtrate collection and utilization. It is expected that compulsory introduction 
of such systems will promote utilization of LFG for energy production. 
 
There is the only system for sewage gas collection and utilization in Ukraine located at the Kiev 
wastewater treatment plant. The gas is burnt in a boiler installation. A barrier for implementation of 
sewage gas potential is the fact that Ukraine’s wastewater treatment plants have very outdated 
equipment and do not have financial opportunity to install a new one. 

4.3.3. Sustainability issues 

Implementation of the assessed technical potential does not contradict any sustainability criteria 
described in the Methods handbook. 
 

4.4. Conclusions and recommendations 

The theoretical and technical potentials of organic waste are assessed by resource-focussed 
basic/advanced spatially explicit methods described in the BEE Methods Handbook for which the data 
are basically available. Further specification of the relevant input data and factors is required for the 
correct assessment of LFG and sewage gas potentials. It may be done by continuous literature review. 
For the future, it can be recommended to apply the cost supply methods to assess the economic 
potential of organic waste in Ukraine. 
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5. Integrated assessment method 

5.1. Methodology 

As described in the BEE method handbook Chapter 7.5 “Integrated assessments”, the integrated 
assessment of the potentials of biomass resources in Ukraine is performed under the context of the 
EUFASOM Model (Schneider et al., 2008). EUFASOM allows for a fully integrated analysis of the 
competitive interactions between different land uses and land use change types relevant to political, 
societal, technical and environmental developments through a constrained welfare maximization 
approach. The EUFASOM model is described in a comprehensive manner in Section 7.5.2 “Example: 
the EUFASOM model” of the BEE method handbook. 
 
Input data for EUFASOM describe important properties of resources, production technologies, and 
agricultural and forestry markets. Important input data parameters are the yield (tons/ha) which are 
resolved at homogeneous response units (HRU), observed production, trade, and domestic use 
quantities (1000 tons) and land endowments (1000 ha) allocated to agricultural crops and forests. 
Further market and cost parameters, which are important for the calculation of the competitive 
economic potentials of biomass for energy production from agriculture and forestry, include 
commodity prices (EUR/ton), trade costs (EUR/ton) and political incentives (EUR/ton).  
 
The biomass types from the agricultural sector involve biomass for energy production from the 
following traditional crops: wheat, sunflower, rape and sugar beet. For the forest sector, on the other 
hand, the biomass types involved are wood felling and wood residues.  
 
The theoretical potential of biomass production from Ukrainian agriculture and forestry for bioenergy 
purposes were assessed based on the following statements: 

• Land use change between forest and cropland depends on the baseline calculations and exists 
only for the base year 2010 

• Forest data used are baseline data dependent, since the entire increment in the perfect market 
should be the same as the observed supply 

 
For agricultural crops, the theoretical biomass potential follows the equation: 
 

, ,( ) ( ) *( ) *( )MAX
r y r r y yTheoreticalPotential AREA YIELD EC=  

 
where: Theoretical potential is in PJ 
 AREA = total cropland area in 1000 ha  
 YIELD = yield of the bioenergy crop with maximum biomass production, in tons/ha 
 EC = biomass energy content of the individual bioenergy products in GJ/ton (see Table 16) 
 
Same assumptions as the theoretical biomass potentials were applied to estimate the technical biomass 
potentials although the baseline area used for bioenergy crop production were considered instead of 
the total areas. The technical potential of biomass production (in PJ) from agriculture and forestry for 
bioenergy purposes were estimated using the following equation: 
 

, ,( ) ( ) *( ) *( )MAX
r y r r y yTechnicalPotential AREA YIELD EC=  

 
Note that the definitions of the major indices used for the calculation of the biomass theoretical and 
technical potentials can be found on Table 52 of the BEE method handbook Chapter 7.5 “Integrated 
assessments”. 
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Next, the following assumptions were used to estimate the economic potentials of biomass production 
from agriculture and forestry for energy purposes, without sustainability constraints: 

• Land use change is allowed and calculated for years 2010-2030 
• Trade activities are allowed 
• Crop and forestry bioenergy yields are based according to the model solution 

 
Subsequently, assumptions for the calculation of the economic biomass potentials under sustainability 
restrictions, which can also be called “the sustainable biomass potential”, consist of the following: 

• Land use change is not allowed 
- for the conversion of other land uses to cropland 
- for the conversion of forests and wetlands to any other land use categories 

• Calculated for years 2010-2030 
• Trade activities are allowed which are baseline data dependent 
• Crop and forestry bioenergy yields are based according to the model solution 

 

5.2. Potential for biomass 

Reliable knowledge of biomass potentials for energy in Ukraine through biomass resource assessments 
is essential for both policy and industry in Ukraine to design efficient policies for the development of 
the renewable energy sector. This section presents results of the integrated assessment of biomass 
potentials of the agricultural and forest sectors in Ukraine for the years 2010-2030 which takes into 
account the competition between the different land use categories, assessed using the EUFASOM 
model. 
 
Table 14 shows the theoretical, technical, economic and sustainable biomass potentials of different 
biomass types in Ukraine together with the corresponding biomass area shares. Note that the biomass 
type, “traditional crops”, represents the aggregated sum of biomass potentials or crop areas from 
wheat, sunflower and rape and sugar beet while woody biomass” represents the aggregated sum of 
potentials or areas of felling and residues from forests. The scenario-based economic and sustainable 
biomass potentials were analyzed based on the effects of alternative land use change policies when 
subjected to political subsidies (expressed in Euro/ton biomass). Biomass area allocations are also 
presented for the years 2010-2030. The alternative land use change policies considered are based on 
either: a) under sustainability constraints or b) not under any sustainability constraints. Generally, 
under the first setting, direct land cover change is restricted to not endanger the food supply and to 
protect nature reserves and forests, while growing biomass for energy production. For example, 
deforestation and wetland area destruction are completely not allowed. Wetlands and other water 
bodies roughly cover 2% of the total land area of Ukraine while 6% are roughly being covered by 
forests (Earth Trends, 2003). At the same time, there is a restriction for other land use options, ie: 
grasslands (which envelops less than 1% of the total land area), to be converted to arable land while 
agricultural land may possibly be transformed to other land use options. It should be noted that the 
economic biomass potentials with sustainability constraints are based on a number of sustainability 
criteria listed in Section 8.3 (Table 55) of the BEE method handbook. Meanwhile, under the last 
setting, land use change is permitted and biomass production for energy purposes is fully allowed at 
the expense of the other land uses. It should be noted that the scenario projections are not intended to 
predict what the future will be, but instead describe what may possibly occur under a specific set of 
assumptions and parameters. 
 
Table 15 presents the total subsidy needed to achieve the sustainable biomass potentials of woody 
biomass and traditional crops listed in Table 14 for three selected subsidy levels (20, 50 and 100 EUR 
per ton biomass). The biomass energy content values used in the energy conversion calculations can 
be found in Table 16. 
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Table 14: Current and future biomass area and potentials aggregated by biomass types in Ukraine. 

BIOMASS TYPE POTENTIAL TYPE POLICY LEVEL BIOMASS POTENTIAL in [PJ] BIOMASS AREA in [1000 ha]
(EUR/ton) 2010 2020 2030 2010 2020 2030 

WoodyBiomass Theoretical N/A 613 9510 
WoodyBiomass Economic 0 36 42 46 671 863 928
WoodyBiomass Economic 10 39 46 50 736 947 1010
WoodyBiomass Economic 20 42 50 55 806 1040 1110
WoodyBiomass Economic 30 47 56 61 911 1170 1260
WoodyBiomass Economic 40 51 61 67 1010 1290 1390
WoodyBiomass Economic 50 60 72 78 1200 1540 1650
WoodyBiomass Economic 60 67 82 89 1370 1760 1880
WoodyBiomass Economic 70 82 101 109 1700 2190 2350
WoodyBiomass Economic 80 112 139 150 2390 3080 3300
WoodyBiomass Economic 90 161 203 241 3510 4520 5370
WoodyBiomass Economic 100 328 434 537 7300 9820 12100
WoodyBiomass Economic 110 377 710 1240 8620 16300 28400
WoodyBiomass Economic 120 1230 2040 3790 28100 46900 87000
WoodyBiomass Sustainable 0 36 42 46 663 853 921
WoodyBiomass Sustainable 10 39 45 49 719 925 991
WoodyBiomass Sustainable 20 41 49 54 779 1000 1100
WoodyBiomass Sustainable 30 45 54 59 872 1120 1200
WoodyBiomass Sustainable 40 49 58 64 956 1230 1320
WoodyBiomass Sustainable 50 54 64 74 1060 1370 1550
WoodyBiomass Sustainable 60 63 75 83 1280 1600 1760
WoodyBiomass Sustainable 70 71 87 94 1470 1880 2020
WoodyBiomass Sustainable 80 82 100 116 1700 2190 2530
WoodyBiomass Sustainable 90 103 124 138 2190 2740 3020
WoodyBiomass Sustainable 100 122 152 170 2620 3370 3750
WoodyBiomass Sustainable 110 123 162 197 2670 3600 4380
WoodyBiomass Sustainable 120 150 183 237 3270 4090 5290
WoodyBiomass Technical N/A 613 9510 
TraditionalCrops Theoretical N/A 14200 20900 
TraditionalCrops Economic 0 6 6 6 111 96 111
TraditionalCrops Economic 10 7 7 7 121 121 121
TraditionalCrops Economic 20 7 7 7 115 115 133
TraditionalCrops Economic 30 8 8 8 150 130 130
TraditionalCrops Economic 40 9 9 9 166 143 166
TraditionalCrops Economic 50 11 11 11 170 197 170
TraditionalCrops Economic 60 12 12 12 225 186 195
TraditionalCrops Economic 70 15 15 15 243 243 243
TraditionalCrops Economic 80 21 21 21 341 341 341
TraditionalCrops Economic 90 36 36 38 557 557 584
TraditionalCrops Economic 100 205 327 745 2020 2440 3060
TraditionalCrops Economic 110 20500 20700 20800 35400 37800 38900
TraditionalCrops Economic 120 23100 23800 24100 56700 66900 72200
TraditionalCrops Sustainable 0 6 6 6 96 111 111
TraditionalCrops Sustainable 10 7 7 7 101 105 121
TraditionalCrops Sustainable 20 7 7 7 133 133 133
TraditionalCrops Sustainable 30 8 8 8 130 150 130
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TraditionalCrops Sustainable 40 9 9 9 166 143 166
TraditionalCrops Sustainable 50 11 11 11 197 170 170
TraditionalCrops Sustainable 60 12 12 12 225 195 195
TraditionalCrops Sustainable 70 15 15 15 281 243 243
TraditionalCrops Sustainable 80 21 21 21 394 341 341
TraditionalCrops Sustainable 90 37 36 39 576 557 617
TraditionalCrops Sustainable 100 176 176 182 1300 1300 1450
TraditionalCrops Sustainable 110 10300 11200 11600 15300 16600 17300
TraditionalCrops Sustainable 120 11800 13000 13500 17500 19300 20000
 

Table 15: Amount of subsidy needed to achieve sustainable biomass potentials in Ukraine 

Biomass Type Policy Level in EUR/ton Total Subsidy in million EUR 
  2020 2030 

Traditional crops 
20 7.3 7.3 
50 27.1 27.1 
100 912 941 

Woody biomass 
 

20 51.1 45.6 
50 169 155 
100 800 713 

 

Table 16: Biomass energy content for selected biomass types 

Biomass Type Energy content, LHV in GJ/ton 
Wheat 17.0 
Sugar beet 19.0 
Sunflower, Rape 23.8 
Wood felling and wood residues 10.4 
 

5.3. Analysis and discussion 

5.3.1. Data gaps and methodological challenges 

Integrated assessment methods combine relatively detailed representations of resources and 
commodity markets. Market adjustments (e.g. adjustments of commodity prices and trade) are usually 
excluded in resource-focussed biomass assessments. Such assessments generally only estimate 
technical biomass potentials based on assumptions about area availability and biomass yields. With 
integrated modelling techniques, researchers can assess the competitive economic biomass potentials. 
On the other hand, demand-driven methods assess only economic biomass potentials but do not 
adequately portray the heterogeneity of biomass resources and the competition between different land 
use options.  
 
The EUFASOM model employed here is an example of the integrated assessment technique because it 
accounts for social and economic parameters to portray international commodity markets and at the 
same time the model integrates the heterogeneity of land qualities and the competition between food 
production, forests, bioenergy plantations, and wetland reserves for scarce land. The quantification of 
interactions between environmental qualities and agricultural, forest, and nature conservation activities 
which is a major component of integrated land use analyses have also successfully addressed 
sustainability issues tackled in the BEE Methods Handbook.  
 
Integrated assessment models are generally data intensive both with respect to inputs and outputs. 
Many input data are not available from observations. In some cases, incomplete or missing data can be 
generated through models. In EUFASOM, data gaps (e.g. economic data such as agricultural 
management costs, for which no data is available) were estimated based on engineering methods or 
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through coupling with other models (e.g. EPIC model which is a biophysical process model that 
simulates European yield levels of energy crops and environmental impacts of various land 
management strategies).  
 
The following bullet points enumerate the initial drawbacks encountered with respect to data gaps 
together with how they were addressed over the course of the study: 
 

• Crop yields data for suitable spatial resolution with biophysical simulation models 
• Field level environmental impacts for suitable spatial resolution with biophysical simulation 

models 
• Country level market prices, supply, demand, trade through statistics EUROSTAT, 

FAOSTAT 
• Market price elasticities through scientific literature  

 
Some other methodological challenges may limit the harmonization process. For example, used 
literature based market price elasticities may not be consistent in underlying assumptions between the 
referred study and the model (example: the elasticity estimates refer to general equilibrium, long-run 
elasticity while the model uses a partial equilibrium (EUFASOM) short-run setup). Moreover, 
complete harmonization between the different models would require iterative linkage until all 
overlapping parameters have converged or fully integrated. Neither of the two strategies is fully 
feasible and compromises have to be made. 
 

5.3.2. Implementation issues 

Policies and regulations have to be properly implemented in order to realize the true potentials of 
biomass for energy in Ukraine. Also, realization of the biomass potentials is subject to overcoming the 
barriers to bioenergy development in the region. Some of the issues which warrants attention are listed 
below: 

 
• Economic and social barriers 
• Biomass feedstock availability constraints 
• Biomass supply logistics 
• New business opportunities in the biomass production and energy sectors 

 

5.3.3. Sustainability issues 

The sensitivity of bioenergy potentials to sustainability constraints is quite apparent from the results of 
the study. This assessment could therefore be used for planning the implementation potential. 
 
Some general comments on sustainability issues 
 
The treatment of surplus land is one issue that should be solved when applying the sustainability 
criteria described in the BEE Methods Handbook. Generally, sustainability policy frameworks which 
aim to protect valuable nature reserves should also include global rain forests in the agenda. When this 
is implemented, bioenergy production from biomass will do no harm and the markets will find the 
optimal balance between food and bioenergy. (See comments by Uwe Schneider in the updated 
version of the handbook and responses from the external reviewer, Andreas Pilzecker). 
 
Model wise, some other sustainability criteria mentioned require only an update of the cost (i.e. soil 
erosion prevention, nutrient loss and depletion, etc.) while others may require additional model 
equations and model equation modifications. For example, the enforcement of minimum wages in 
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partial equilibrium models such as the EUFASOM requires either to use a mathematically and thus 
computationally difficult MIP algorithm or iterative solution procedures.  
 
There is a difference between forcing sustainability criteria in a model and achieving sustainability 
criteria through adequate policies. For example, two important sustainability criteria involve food 
supply and deforestation and imply that energy crop production is not allowed to endanger the supply 
or to result in deforestation. An integrated assessment model can simply force the supply of food and 
the area under forest to be at certain levels. In reality, available instruments are limited and involve 
(border) taxes, subsidies, protected areas among others. The adequate integration of sustainability 
criteria therefore requires the use of politically and socially feasible policy measures. 

 

5.4. Conclusions and recommendations 

The illustration case shows the applicability of the described method in Ukraine. The method gives an 
overall picture of total bioenergy potential of Ukrainian agriculture and forests. The results of the 
assessment may direct implementation of assessed potentials on a national or may even be downscaled 
to oblast levels. 
 
Biomass potentials 
The theoretical biomass potential in Ukraine could reach up to more than 14.7 TJ for which around 
95% comes from traditional food crops. In 2020, the biomass potentials under sustainability 
restrictions may vary between 6 PJ to 176 PJ for traditional crops and 42 PJ to 151 PJ for woody 
biomass, depending on the political subsidies introduced (between 0-100 EUR/ton biomass). This 
could approximately increase to up to 182 PJ for traditional crops and around 170 PJ for woody 
biomass at higher subsidies (100 EUR/ton biomass), by year 2030. 
 
If for example, a 20 EUR/ton incentive is offered to biomass plantation owners in Ukraine, the total 
biomass subsidy needed to achieve the total aggregated sustainable biomass potentials from both 
traditional and woody biomass types would amount to about 58.39 million Euros in 2020. 
 
Generally, results suggest that in the presence of economic incentives such as subsidies, the 
competitive potentials of different bioenergy markets will increase despite constraint on the 
conversion of land to biomass plantations. Gradual improvements in biomass subsidies correspond to 
higher biomass production potential but may significantly affect the potentials of other land use 
categories due to the substantial pressure on land brought about by the amplified biomass activities. 
The inclusion of sustainability parameters in the assessment which aimed to avoid negative 
environmental impacts of indirect land use change therefore restrict the resulting potential through 
limiting the area of land available for bioenergy use.  
 
Applicability of the method used 
Integrated modelling approaches are needed to tackle issues related to the development of bioenergy 
production strategies as these objectives will involve significant impacts on land use and land use 
management in the region. These developments have raised questions regarding their effects on 
agricultural and forestry products, markets and competition for land between forestry, food and non-
food agriculture and nature reserves. 
 
The EUFASOM model, which is an integrated assessment tool, was applied to evaluate the economic 
potentials of biomass for energy generation considering the aspects of competition for scarce land by 
different land use categories from both the agriculture and forestry sectors in Ukraine. In comparison, 
other biomass resource assessments such as resource-focussed or demand-driven methods are limited 
to assessments of the technical biomass potentials or do not consider land competition in their 
investigations, respectively.  
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For this illustration case, the EUFASOM model integrated the observed variation in land qualities and 
technologies with environmental impacts and global market feedbacks to analyze the competition for 
land between different land use options and thereby enabling the quantification of the economically 
and sustainably competitive portion of the technical potentials of biomass plantations.  
 
Data gaps and other challenges 
Majority of the data required by the EUFASOM model were taken from public databases such as 
FAOSTAT and EUROSTAT. Other non-readily available data were addressed either through coupling 
with biophysical simulation models such as the EPIC model or were estimated based on engineering 
methods.  
 
What data are needed to complete the assessment?  
The assessment of biomass potentials using the EUFASOM integrated assessment method is complete. 
However, the model can still be further improved for higher spatial resolution. In this case, the 
following data gaps may likely exist:  

• Current land management intensities including tillage, fertilization, water, plant protection, 
labor intensities by crop  

• Current crop rotation  
• Current land owner distribution 
• Current soil states  
• Current trace gas emissions (CH4, N2O) 

Note that some of the above data are potentially known but confidentiality restriction often prevent 
disclosure. 
 
Where could these data come from? 
Higher resolution data could be derived from the following sources: 

• Significantly improved data sets from EUROSTAT which could originate from national level 
statistics. To obtain this, the European Commission may impose stronger enforcement of 
higher quality data submission from Ukraine.  

• Highly improved interoperability and ontology of the exchange of information or cross-
disciplinary collaboration between different domains of the climate system, agriculture, 
economy, etc. which affects the quality of data sets. 

• Higher quality data obtained from satellite imageries and other high-end techniques.  
 
How could the unresolved harmonisation issues be overcome? 
Exploitation of biomass resources for bioenergy production is a complex matter which involves 
significant impacts on land use and land use management therefore integrated and comprehensive 
scientific assessments are needed to ensure harmonization of biomass resources and assure efficiency 
of biomass and bioenergy policies to address land scarcity and land competition between traditional 
agriculture, forests, nature reserves, pastures, and biomass plantations for energy production. Efficient 
policy regulation therefore requires cooperation on data and modelling across national and regional 
borders. However, the quality of data inputs, the specified boundary conditions, assumptions and the 
applied biomass or bioenergy policy conditions generally affect the simulation results of biomass 
potential values. 
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6. General analysis and discussion 

This chapter provides a general analysis and discussion of estimated potentials for Ukraine and 
presents the assessment results in an integrated way. Given the fact that all illustration case results 
were produced on basis of the harmonised BEE handbooks, comparison of results of the same biomass 
and potential type across methods give insights into underlying uncertainties and remaining issues of 
harmonisation. 
 
Analysis and discussion will first address the cascade of potentials in general that can be observed 
from the illustration case for Ukraine. Then biomass types will be looked at in detail. A comparison of 
methods will be done per biomass type as methods differ for each biomass type. 
 
Despite the fact that all estimates of biomass potential in this report were based on the BEE method 
and data handbook, some harmonisation issues remain. The assessments that cover forestry biomass 
used different conversion factors to convert tonnes DM to PJ for technical reasons, e.g. consistency 
with models delivering input data. These vary between 12.97 used in the basic spatially explicit 
method, 15.48 in the case of the basic statistical method and the integrated assessment used 19. To 
allow for a better comparison in this section of the report a harmonised factor of 15.48 was used. The 
additional harmonisation was only applied to forestry biomass potentials. 
 
Among the most obvious reasons for large differences between estimates of the biomass resource 
assessments reviewed by the BEE project (BEE 2008) is the conceptual potential type that is 
addressed. The BEE method handbook concluded that “the type of biomass potential is an important 
parameter in biomass resource assessments, because it determines to a large extend the approach and 
methodology and thereby also the data requirements”.  
 
Four types of biomass potentials are distinguished: 
• Theoretical potential - the overall maximum amount of terrestrial biomass which can be 

considered theoretically available for bioenergy production within fundamental bio-physical 
limits. 

• Technical potential - the fraction of the theoretical potential which is available under the regarded 
techno-structural framework conditions with the current technological possibilities (such as 
harvesting techniques, infrastructure and accessibility, processing techniques). 

• Economic potential - the share of the technical potential which meets criteria of economic 
profitability within the given framework conditions. 

• Implementation potential - the fraction of the economic potential that can be implemented within a 
certain time frame and under concrete socio-political framework conditions, including economic, 
institutional and social constraints and policy incentives. The implementation potential was not 
assessed by this illustration case. 

• Sustainable potential – addressed separately by the BEE method handbook, integration of 
environmental, economic and social sustainability criteria in biomass resource assessments. 

 
The relative wide description of the BEE potential type ”theoretical” was narrowed by the term 
“constrained” in those cases where, compared to other definitions, constraints (for forestry the use of 
stemwood for materials) were applied. 
 
Table 17 presents a summary of the illustration case results for Ukraine for different biomass types. 
Values are averaged over methods if more than one method was applied. Therefore the number might 
differ from the original values in the chapters above. The theoretical potential was estimated to amount 
more than 16,000 PJ annually, a large share being energy crops. However, on average only 30% of it 
are technically available (the technical potential of energy crops was not estimated). Largest 
differences between the theoretical and technical potential are observed for stemwood potentials (if 
material use is not considered a constraint, e.g. through full cascade use of bioenergy along the wood 
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product chain). Also primary agricultural residues are estimated to have a much higher theoretical 
potential compared to the potential under technical constraints. Both, primary agricultural residues and 
stemwood also form the largest single potentials (after energy crops). The economic potential 
estimated by the integrated assessment method reveals that in the case of stemwood only 5% of the 
theoretical potential would be used under competition and less than 1% of the energy crop potential 
for the year 2010. 
 

Table 17: Summary of illustration case results for Ukraine for different biomass types. Values are 
averaged over methods if more than one method was applied (see *). Therefore the number might 
differ from the original values in the chapters above. Values in PJ per year for the year 2008 or 2010 
(depending on method). 

Biomass 
type 

Biomass type detail Theoretical 
potential 
(constrained 
value) 

Technical 
potential 

Economic 
potential 

Tech/ 
Theo 

Econ/ 
Theo 

Forestry Stemwood * 613 (264) 39 29 6% (15%) 5% 

Primary forestry residues * 18 15 4 83% 20% 

Secondary forestry residues 20 17 - 83% - 

total 651 71 - 11% - 
Agricultural 
residues 

Manure 90.9 68.1 - 75% - 

Primary agricultural residues 1135.5 415.1 - 37% - 

Secondary agricultural residues 32.9 18.3 - 56% - 

total 1259 502 - 40% - 
Energy crops 14172.7 - 6.0 - <<1% 

Waste Landfill gas 22.7 13.7 - 60% - 

Sewage sludge and sewage gas 6.3 4.0 - 63% - 

total 29 18 - 61% - 
TOTAL 16112 590  4%  
TOTAL without energy crops 1939 590  30%  

* Average over different methods 
 
Figure 10 presents different potential types for biomass from forestry and forestry residues for 
Ukraine. With respect to stemwood a continuous reduction of the biomass potential can be observed. 
The theoretical potential of about 500 PJ/year is reduced by 50% if the current domestic demand for 
materials is assumed and satisfied (constrained theoretical potential). It is striking that only 50 PJ/year 
are considered being technically available. The integrated assessment reveals that only 24 PJ are 
annually extracted when taking economic conditions into consideration, i.e. the costs and bioenergy 
demand. 
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Figure 10: Description of different potential types for biomass from forestry and forestry residues for 
Ukraine. The constrained theoretical potential considers the reduction due to material use of the 
increment. Energy potentials are given in PJ per year. 

 
A comparison of methods used to assess the potential from primary forestry residues shows that the 
amount of residues that, according to current removals, could potentially be extracted, exceeds the 
numbers of the economic potential estimated by the integrated assessment by a factor of five. The 
application of different methods also reveals uncertainties that are associated with choosing different 
approaches when basic assumptions on data and definitions (as in this illustration case) are 
comparable. 
 
Economic potentials for Ukraine turn out to be rather sensitive to subsidies (e.g. paid per ha). 
Subsidies of about 50 EUR per ha can double the potential. Subsidies of 90 EUR per ha let the 
economic potential increase fivefold universally for energy crops and forestry stemwood. There is, 
also a temporal dynamic in the economic potential (Figure 11) that is, however, only pronounced in 
the stemwood potential numbers. 
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Figure 11: Economic potentials of bioenergy from stemwood and energy crops estimated for Ukraine 
using the integrated assessment method for different years. Subsidies paid per ha are introduced to 
generate supply curves from these feedstocks. The potential for energy crops does not change over 
time, the year 2010 is shown. The method accounts for competition over land and other resources and 
integrates demand for bioenergy. 
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7. General conclusions and recommendations 

• The BEE method handbook was applied to the illustration case for Ukraine and documents 
how the methods collected in the handbook can be applied in conditions outside the European 
Union. 

• The method gives an overall picture of total bioenergy potential of Ukrainian agriculture and 
forests. The results of the assessment may direct implementation of assessed potentials on a 
national or may even be downscaled to oblast levels. 

• Theoretically the two major constituents of the potential are agricultural residues and energy 
crops. This is due to highly developed agriculture in the country and availability of large areas 
of unused lands which may be involved in growing energy crops. 

• The theoretical biomass potential in Ukraine could reach up to more than 16 EJ for which 
around 95% comes from traditional food crops. 

• The theoretical potential for forest biomass amounts 651 PJ annually. About 94% account for 
stem wood, 3% for primary and 3% for secondary forestry residues. The economic potential 
could be about 5% of the theoretical stemwood potential. 

• According to the integrated assessment method, the economic potential could be increased 
substantially if subsidies would be introduced. 

• In case of forest biomass potentials assessment main challenge with harmonization is not of 
lack of data but the absence of proper methodology, models and complete standard data sets. 

 
 



 
FP7 GRANT AGREEMENT N˚: 213417 
 

 
BEE Illustration Case Ukraine 43
 

8. Annex 

Table 18: Forest cover of Ukraine. Source: State Committee of Forest Management of Ukraine (2008). 

Administrative 
regions 

Land area, x103 
km2 

Forested area, x103 
ha 

Forest cover, actual 
(%) 

Forest cover, optimal 
(%) 

AR Crimea 27.0 308.7 11.4 19 
Vinnitska 26.5 351.4 13.3 16 
Volins’ka 20.2 632.4 31.3 37 
Dnipropetrovs’ka 31.9 152.8 4.8 8 
Donets’ka 26.5 185.5 7.0 12 
Zhitomirs’ka 29.9 989 33.1 37 
Zakarpats’ka 12.8 652.9 51.0 55 
Zaporis’ka 27.2 105.4 3.9 5 
Ivano-Frankivs’ka 13.9 576.7 41.5 49 
Kiyivs’ka 28.9 632.2 21.9 23 
Kirovograds’ka 24.6 158.8 6.5 11 
Luhans’ka 26.7 282.9 10.6 16 
L’vivs’ka 21.8 626.6 28.7 30 
Mikolajevs’ka 24.6 94.9 3.9 7 
Odes’ka 33.3 195.3 5.9 9 
Poltavs’ka 28.8 236.2 8.2 15 
Rivnens’ka 20.1 731.7 36.4 40 
Sums’ka 23.8 403.8 17.0 21 
Ternopil’s’ka 13.8 192.4 13.9 20 
Kharkivs’ka 31.4 372.7 11.9 15 
Khersons’ka 28.5 132.4 4.6 8 
Khmelnits’ka 20.6 262.7 12.8 17 
Cherkas’ka 20.9 319.3 15.3 16 
Chernivets’ka 8.1 237.8 29.4 33 
Chernigivs’ka 31.9 656.6 20.6 23 
Ukraine total 603.7 9490.9 15.7 20 
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Table 19: Distribution of forested areas and growing stock by dominant species and age groups (data 
for forests managed by the State Committee of Forestry of Ukraine). 

Dominant species 

Forested areas, thousand hectares Total growing stock, million m3 

Total 

Including by age groups 

Total 

Including by age groups 
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Pine 2152.1 646.2 953.1 413.2 139.6 525.01 74.68 269.96 139.73 40.55 
Spruce 500.4 157.6 227.0 61.1 54.7 167.14 23.80 89.00 28.88 25.47 
Fir 95.3 32.5 22.8 15.7 24.3 29.42 2.63 8.77 6.64 11.36 
Other coniferous 8.6 1.4 2.6 3.0 1.5 1.96 0.09 0.61 8.42 0.49 
Total coniferous 2756.3 837.7 1205.5 493.0 220.0 723.54 101.21 368.33 183.67 77.88 
Oak 1704.1 327.6 968.1 182.0 225.3 329.62 28.92 213.87 43.25 43.68 
Beech 532.5 52.5 277.6 83.5 117.0 171.07 5.83 91.50 31.65 42.08 
Hornbeam 94.4 1.3 22.3 17.8 47.1 16.75 0.08 3.05 3.34 10.31 
Ash 116.7 26.3 21.9 32.7 35.8 22.88 2.59 4.21 7.70 8.35 
Other hard 
deciduous 162.3 19.1 28.7 22.1 97.8 17.46 0.99 2.13 2.13 12.18 
Total hard 
deciduous 2610.0 426.8 1318.7 338.1 523.0 557.78 38.41 314.77 88.07 116.61 
Birch 329.19 50.0 144.4 78.3 56.5 50.95 2.03 19.91 16.16 12.76 
Aspen 32.6 6.0 3.6 5.8 17.2 6.91 0.38 0.55 1.28 4.69 
Alder 254.9 37.5 123.7 46.0 47.7 42.41 1.46 18.85 10.24 11.86 
Other soft 
deciduous 58.6 1.6 14.3 5.6 37.2 12.40 0.05 2.38 1.26 10.46 
Total soft 
deciduous 675.3 95.1 286.0 135.6 158.6 112.68 3.92 41.70 28.94 39.77 
Total 6080.8 1364.8 2824.9 973.5 916.4 1395.49 143.61 725.46 293.28 233.14 
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