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1 Introduction 

The EU has set high targets to increase the use of Renewable Energy Sources from which a large part has to 
come from biomass. To meet these targets, a large amount of biomass resources is needed, which requires 
large areas of land in the EU for energy crop production. However, the availability of good land for energy 
crop production is limited in Western European Countries (WEC). This means that the potential from 
indigenous biomass resources is not sufficient to meet the set bioenergy targets.  

At the same time, the ongoing expansion of the EU and the inclusion of the CEEC in agricultural and energy 
EU policies create potential difficulties as well as opportunities. Agriculture plays – and is expected to play in 
the mid term – an important role in the CEEC (IAMO 2004). Beside this, the share of agricultural employment 
in total employment is still large. In the future, rationalization of the current agriculture in the CEEC is 
expected. This will lead to increased productivity and economic performance. On the other hand, 
unemployment and an increase in abandoned land are expected as well. This can put large pressures on the 
socio-economic developments in rural areas in the CEEC.  

The study from Dam et al. (2004) analyses the technical biomass production potentials in the CEEC based on a 
scenario analysis for a set of selected energy crops. The results show that the CEEC has, especially for the 
scenarios with a high input production system, a substantial biomass production potential that in some 
scenarios even exceed the current final energy consumption on a country level. When using this biomass 
potential, the CEEC can contribute significantly to meet the set EU targets and to increase the use of RES in 
total energy consumption At the same time, a major new market – with potentially large positive influence on 
total bio-energy production and use in Europe – would emerge and rural development in the CEEC would be 
stimulated. 

Thus, based on the results from Dam et al. (2004) it can be concluded that the CEEC has a large amount of 
available and underutilized biomass resource. On the other hand, countries in EU are deploying biomass in 
their energy mix, which cannot be met by their own indigenous biomass resources. However, a reliable 
supply of biomass and a reliable demand for bio energy is vital to develop stable market activities, aimed at 
bio-energy trade. International biomass trade can connect supply and demand, in this case between WEC and 
CEEC.  

The concept of international trade gains increasing attention. The Netherlands and Sweden already started to 
import substantial amounts of bioenergy for producing electricity and heat (Faaij et al. 2004). In 2004, Task 40, 
a new task under the IEA Bio-energy Agreement, is started to contribute to the development of sustainable 
biomass markets on short and on long term and on different scale levels (Task 40 2004). 

Key to the development of large-scale energy crop production, infrastructure and capacity is the question to 
what extent bio trade can contribute to cost reduction of producing energy carriers from biomass. Setting up 
infrastructure for large-scale biomass production will only occur when this becomes profitable for 
stakeholders in both the WEC and CEEC. Therefore, an important question is whether the market for bio-fuels 
and trade is profitable enough to realize the supply of bio-fuels from the CEEC to the European market.   

International trade can include direct transport of biomass materials, intermediate energy carriers or high 
quality energy carriers as fuels. Beside this, factors like the production method of the biomass, the transport 
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type and the order and choice of pre-treatment operations are of importance in the chain performance. Earlier 
examples of Hamelinck et al. (2003) have shown that intercontinental trade of biofuels and even bulk 
transport can be economically feasible.  

Main objectives of this study are therefore: 

• Define the critical factors to set up a stable international biofuel trade between CEEC and WEC. 
• Estimate the cost performance of the energy carriers delivered in the WEC from the CEEC. 
• Analyze the regional differences in cost performance of the energy carriers in the CEEC. 
   

2 Cases 

Previous to this study, a regional biomass potential assessment was implemented for the CEEC on a Nuts-3 
regional level (Dam et al. 2004). The scenarios used for this regional biomass potential assessment characterize 
the main current and future drivers in Europe related to agriculture and land use. These drivers were 
translated to quantitative parameters (for example level of trade, self-sufficiency, yield levels) and used in the 
analysis of the regional biomass potential assessment.   

Table 1: Set of scenarios used in regional biomass potential assessment CEEC 

Scenario Story line 
V1 There is a liberalization of trade. There are no market barriers in the world for agricultural products. EU specializes in 

products, which are competitive in world market. There is a strong increase in import and export products. 
V2 Policies are regionally orientated. There is an uneven economic development in Europe. Trade barriers exist between 

the Western and Eastern European market. The agriculture in CEEC has difficulties to compete with agriculture in 
WEC because of struggles as lack of investment, technology and implementation of EU policies and legislation. 

V3 There are no internal trade barriers in Europe. CEEC has completely adapted the EU legislation and can compete fully 
with WEC agriculture. Common Agricultural Policy (CAP) regulates agriculture in Europe. Aim of CAP is that farmers 
can compete with world markets. CAP reforms in Europe are in full implementation. 

V4 There are no internal trade barriers in Europe. Europe protects its own internal market strongly. EU strives for self-
sufficiency in its own food and energy need. Internal trade has increased. External trade of products in world market 
is limited. 

V5 EU has a priority for sustainable development and nature conservation. Biodiversity, protection of rural areas and 
maintenance of the vitality of forest and grassland areas has a high concern. There is a tendency of greening of 
agriculture. 

 
The regional biomass potential assessment is based on land use changes over time for a set of 5 scenarios (see 
table 1). A scenario, with a defined set of parameters, requires a certain demand for food and forest products. 
A certain area of agricultural land and forestland will be needed to meet this demand. The size of this area 
will depend on demand and the defined production system (productivity). The current land minus the 
required future land for crop, livestock and wood production gives the surplus available land for biomass 
production. Surplus available land can be used for energy crop cultivation. The biomass from energy crops is 
calculated by multiplying the available surplus agricultural land with the productivity data for energy crops. 
The technical biomass potential is translated into economic potential by estimating the production costs based 
on the level of technology applied to produce the bio-energy. Final deliverable are the cost-supply curves.  

Based on the results of the biomass potential assessment (Dam et al. 2004), 5 different Nuts-2 regions are 
selected, which look promising for large-scale energy crop production. The following criteria were used to 
identify these regions: 

• The region shows a large availability of land for energy crop production after food demand is fulfilled; 
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• The regions are more or less stable with respect to availability of land for energy crop production in all 
scenarios and resources are relatively cheap; 

• Geographical distribution of the regions with respect to main transport corridors and each other; 

The following Nuts-2 regions were selected: PLOG (North West of Poland), PL03 (east Poland), HU05 (north 
Hungary), RO03 (south Romania) and CZ03 (south Czech Republic). Case studies are carried out to illustrate 
the socio-economic and agricultural characteristics of these regions are available from (Falkenburg et al. 2004), 
see also appendix 3.  

Characteristics of the Nuts-2 region PL0G 

Lowlands are dominating in this region. The Utilized Agricultural Area contains 49%, the forest area 35% and 
fallow land 8% of the total land area (GUS 2004). Crop production is dominating in this region, often 
combined with animal production on the farm. Prevalent in this region are small family farms (to 7 ha), which 
present 49% of the total farms. 22% of the farms are between 15-50 ha and 3.4% of the farms in the region are 
larger than 50 ha. The region has some experience in energy crop production, mainly from willow, 
miscanthus, sida and wild roses (GUS 2004).  

Characteristics of the Nuts-2 region PL03 

The Utilized Agricultural Area contains 68% and the forest area 22% of the total land area. Prevailing crops 
are cereals; hop production is important in the region. Beside this, fruit is mentioned as an important product. 
Dominating percentage of the farms (2/3) are small family farms with a farm size < 5 ha. The region has some 
experience in energy crop production, mainly in willow and miscanthus.  

Characteristics of the Nuts-2 region RO03 

The RO03 region contains 14.5% of the total land area in Romania. In the region, 71% is agricultural land 
(80.2% arable land, 15.7% pastures) and 19.3% is forest area. Main crops produced in the area are cereals, oil 
crops, fodder crops and vegetables (GUS 2004). The average agricultural size of private farms is 1.57 ha in 
1998 (compared to 2.68 ha on country level). 17% of the peasant farms have an agricultural area smaller than 
0.5 ha in 1998. 31% of the farms contain an area between 0.5-1 ha, 38% of the farms are 1.1 – 3 ha, 10% of the 
farms are 3.1 – 5 ha and 4% of the farms are 5.1-10 ha (Roman 2004). The region has some experience in 
biomass production. In the rural areas, the use of vegetal residues to produce thermal energy through 
combustion is widespread in the region. Beside this, field trials from energy crops to produce bio-ethanol are 
concentrated in the RO03 region (Falkenburg et al. 2004). 

Characteristics of the Nuts-2 region HU05 

The HU05 region is a hilly region, lying in the northern area of Hungary. The flat areas (dominating in HU051 
and HU052) are in general good arable lands. Crops as cereals, maize, sunflower, sugar beet and potato are 
produced in these areas. The hilly areas (dominating in HU053) are good for pasture with good arable lands 
in the river valleys (Falkenburg et al. 2004). The unemployment rate in the region is 15.6% in 2000, compared 
to 9.6% on a country level. The % of rural population is 52.8% compared to 37% on a country level (KSH 2004). 
In the region some experience in biomass production has been made; a 50 MW electric power station was 
converted to biomass heating in 2004 (Falkenburg et al. 2004). 
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Characteristics of the Nuts-2 region CZ03 

This region is diverse in topography and contains mountains (to 1000 m.) as well as lowland areas. Grassland 
areas, managed by and extensive production system characterize the mountainous areas. Wheat and rapeseed 
dominate in the lowland areas. In these areas, medium to intensive production systems prevail. The farm 
structure is dominated by agricultural co-operatives, which were created under the former communist 
regime. The southern region of the Czech Republic has the richest experience in growing energy crops. 
Current prevailing energy crops grown in the region are rape seed, dock hybrid and poplar. However, willow 
production would also be suitable due to prevailing high ground water levels in the region (Falkenburg et al. 
2004). 

 
Figure 1 shows the biomass potential from willow as energy crop in the selected regions. The potential in the 
PLOG region ranges – depending on the scenario - from 109 to 262 PJ, in the PLO3 region from 104 to 279 PLJ, 
in the RO03 region from 257 to 520 PJ, in the HU05 region from 40 to 153 PJ and in the CZ03 region from 69 to 

Figure 1: Biomass potential from energy crop willow (in PJ) in the selected regions for scenarios 1) V1 
2030, 2) V2 2030, 3) V3 2030, 4) V4 2030 and 5) V5 2030. Selected regions are PLOG (NW of Poland), 
PLO3 (East of Poland), RO03 (Romania), HU05 (Hungary) and CZ03 (Czech Republic). 
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177 PJ. The results show that there is a considerable biomass potential in these selected regions. An option is 
therefore to trade part of the biomass from Central and Eastern Europe to Western Europe. Local utilization of 
biomass should, however, be considered before we look at the option of large-scale biomass trade (see chapter 
2.2).   

For an evaluation of the possibilities, barriers and performance of large-scale energy crop production and 
trade from biomass of the selected region, data are needed on: 

• The biomass distribution density in the region 
• The availability of biomass in the region for large-scale trade 
• The costs for biomass production 
 
These data are available from the biomass potential study from (Dam et al. 2004). The region specific results 
will be discussed in the following section. 
 

2.1 The biomass distribution density in the region 

To determine the costs of transportation, transport requirements are related to the spatial distribution of 
biomass in each region. It is assumed that the distribution over an area is constant, expressed as biomass 
distribution density (ton / km2 * yr). Moreover, it is stated that the biomass is transported over a marginal 
transport distance that is the radius of a circle in which the biomass is spread with the given distribution 
density (Dornburg and Faaij 2001).  Thus, for the calculation of the marginal transport distance in each region, 
we need information about: 

• The biomass distribution density in the region in ton / km2 * yr 
• The coverage of energy crops in each region in % 

The following formula is used to estimate the coverage of energy crops in the selected regions: 
Coverage (in %) = [land coverage by energy crop in region] / [Total land area region] 

Table 2: Percentage of land available for energy crop production according to the different scenarios V1-V5, 

related to total land area in selected regions. 

 V1-
2015 

V1-
2030 

V2-
2015 

V2-
2030 

V3-
2015 

V3-
2030 

V4-
2015 

V4-
2030 

V5-
2015 

V5-
2030 

PLO3 37% 37% 33% 33% 34% 32% 38% 35% 33% 31% 
PLOG 44% 41% 42% 42% 40% 36% 42% 39% 42% 41% 
ROO3 39% 43% 40% 38% 50% 52% 54% 57% 45% 47% 
HUO5 41% 43% 31% 25% 36% 34% 48% 48% 28% 17% 
CZO3 44% 49% 31% 30% 37% 40% 41% 45% 30% 29% 

 
Table 2 shows that the differences between the scenarios in coverage of energy crops in the region are small. 
However, it must be taken into consideration that the quality of land available in these regions is different per 
scenario. Figure 2 shows the distribution of land suitability classes over the available land in region PLOG and 
PLO3. The figure shows that the scenarios V1 and V4 have a relatively high percentage of good quality land 
available for energy crop production, contradictory to the V2 and V5 scenarios where the marginal lands 
prevail. 
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Notable is that the percentage of available land in the V5 scenario for the PLOG region is high compared to 
the other scenarios.  This can be explained by the allocation of required food demand in the regions per 
scenario. The V2 and V5 scenarios have a relatively low percentage of cereal production compared to the 
other scenarios, while grassland production and production of sugar beets and potatoes dominate. As is also 
explained in (Dam et al. 2004), these differences in crop distribution is one of the underlying variables that 
determine the availability of land in a region. 

Final remark is that in some scenarios more land is available in the year 2015 compared to the year 2030. This 
can be explained by two factors. First, most scenarios show a higher food demand in 2030 than in the year 
2015, which has its impact on the availability of land for energy crop production (see also annex 2 in (Dam et 
al. 2004). Beside this, the scenarios of 2015 are in the midst of the current situation and the situation to be 
achieved in 2030 with respect to production systems (yields, amount of suitable land, cost levels).  

Table 3 shows the average yield levels for willow production in each selected region based on the distribution 
of available biomass production for trade (30% indigenous energy consumption is subtracted) over the four 
land suitability classes. In general, V1 and V4 show the highest yield levels followed by V3. The Czech region 
shows lower yields in the V3 scenario compared to the V5 scenario, which can be explained by the large 
percentage of marginal land in the V3 scenario for this region. 

Table 3: Average yield levels for willow production in t dm / ha * yr for selected regions 

 V1-
2015 

V1-
2030 

V2-
2015 

V2-
2030 

V3-
2015 

V3-
2030 

V4-
2015 

V4-
2030 

V5-
2015 

V5-
2030 

PLO3 13.07 16.68 8.61 8.59 9.03 12.49 13.30 11.54 8.33 9.63 
PLOG 12.45 17.02 8.55 8.48 8.16 12.65 12.03 10.23 8.44 9.36 
ROO3 12.38 16.77 9.25 9.20 12.18 14.11 13.36 13.65 10.86 11.46 
HUO5 13.23 15.73 7.17 6.61 7.56 10.43 12.54 13.40 8.63 10.87 
CZO3 11.14 13.97 5.93 5.85 6.60 7.56 9.19 10.25 7.88 8.19 

 

Figure 2(left): Distribution of land suitability classes over available land for willow production in regions PLOG and PLO3. 
Figure 3(right): Distribution of main crops in region PLO3 in allocation procedure to meet required food demand. 
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2.2 The availability of biomass in the region for large-scale trade 

To get a feeling for the potential surplus of biomass in each region, we consider that energy crops within the 
region will produce 30% of the current final energy consumption, which could be seen as an ambitious overall 
target for biomass use from energy in Europe. An estimation of the current final energy consumption (in EJ) in 
the selected regions is assessed, assuming that the percentage of population living in the selected region 
requires this percentage for final energy consumption. Data for final energy consumption are available on 
country level from (DG Tren 2003). Population data on Nuts-2 region and country level are available from 
Weger (2004), Raconczga (2004), Rogulska (2004) and Roman (2004) and based on national statistics.   

Figures 4 to 8 show the biomass potential (energy crop willow) in the selected regions for the five different 
scenarios. Illustrated in the curves are 30% and 100% of final energy consumptions in the regions. Conclusion 
is that, based on a 30% fulfilment of energy crop production in the region, large amounts of biomass are still 
available in the region to trade to WEC. 

Table 4 gives the amounts of available biomass, based on energy crop willow, in tonnes (based on 30% 
moisture content) available in the region when 30% of final energy consumption in the region is fulfilled. 
Appendix 3 in this report shows these numbers in EJ and in t dm. 

Table 4: biomass potential in regions in MT dry matter for set of scenarios, energy crop willow after fulfilment 

of 30% final energy consumption in region.  

 CUR V1-
2015 

V1-
2030 

V2-
2015 

V2-
2030 

V3-
2015 

V3-
2030 

V4-
2015 

V4-
2030 

V5-
2015 

V5-
2030 

PL03 0 8.88 12.9 3.65 3.67 6.17 8.36 10.1 10.0 3.49 3.44 

PLOG 0 9.44 12.5 4.23 4.26 6.26 8.07 9.73 10.8 4.24 4.40 

RO03 0 17.6 25.0 12.0 11.5 16.4 20.0 24.5 25.8 13.3 14.9 

HU05 0 4.83 6.92 2.0 1.35 2.98 3.96 6.36 6.73 1.71 0.77 

CZ03 0 5.55 7.71 2.0 1.91 3.39 4.52 5.97 6.42 1.85 1.89 
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Figure 4: Cost-supply curve for region PLO3 for energy crop willow for selected scenarios in year 2030. 
On Y-axe illustrated: 30% and total energy consumption in PJ in year 2000 
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Figure 5: Cost-supply curve for region PLOG for energy crop willow for selected scenarios in year 2030. 
On Y-axe illustrated: 30% and total energy consumption in PJ in year 2000 
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Figure 6: Cost-supply curve for region RO03 for energy crop willow for selected scenarios in year 2030. 
On Y-axe illustrated: 30% and total energy consumption in PJ in year 2000 
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2.3 The cost of biomass production in the region 

Figures 4 to 8 show the cost-supply curves for willow biomass production in the selected regions. In the study 
from (Dam et al. 2004), biomass production costs are given per land suitability class. Cost levels per land 
suitability class for willow production can be found in appendix 3.  

The average cost level in the region for willow production that can be used for trade is calculated with the 
following formulas: 

Figure 7: Cost-supply curve for region HU05 for energy crop willow for selected scenarios in year 2030. 
On Y-axe illustrated: 30% and total energy consumption in PJ in year 2000 
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Figure 8: Cost-supply curve for region CZ03 for energy crop willow for selected scenarios in year 2030. 
On Y-axe illustrated: 30% and total energy consumption in PJ in year 2000 
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• [ POT tot] – [POT30%] = [POT70%] 

POT tot  = total available potential in the region 
POT 30% = 30% of potential that will be used for indigenous consumption (see figure 2 to 6), which is the 
start of the cost-supply curve. 
POT 70% = 70% of potential that can be used for international trade 

• [%POT a] * [Cost a] + [% POT b] * [Cost b] + [% POT c] * [Cost c]   
POT a = % potential from biomass source a (for example energy crop from S land, etc.) contributing to 
total [POT 70%] 
Cost a = cost level biomass production belonging to POT a 

Table 5 shows the average cost level in the region for biomass production in € / t dm. We assume that 
bundling costs are included in this total cost price.  

 
Table 5:  Average costs for willow production in regions in € / t dm for selected scenarios: 
 CUR V1-

2015 
V1-
2030 

V2-
2015 

V2-
2030 

V3-
2015 

V3-
2030 

V4-
2015 

V4-
2030 

V5-
2015 

V5-
2030 

PL03 X € 19,87 € 14,59 € 30,74 € 30,90 € 22,32 € 18,54 € 22,32 € 16,62 € 29,10 € 28,83 
PLOG X € 20, - € 14,39 € 30,92 € 31,10 € 22,60 € 18,37 € 22,62 € 17,38 € 29,34 € 28,34 
RO03 X € 21,24 € 17,56 € 29,63 € 29,70 € 25,66 € 22,65 € 22,34 € 18,53 € 27,84 € 26,61 
HU05 X € 21,47 € 17,02 € 30,50 € 31,93 € 26,60 € 22,73 € 22,81 € 18,55 € 28,31 € 31,37 
CZ03 X € 25,37 € 20,51 € 36, - € 36,32 € 30,96 € 27,15 € 30,16 € 29,90 € 34,99 € 35,90 
X indicates that there is no biomass available for international trade in this scenario. 

The scenarios V1 and V4 are the cheapest scenarios. The scenarios V2 and V5 are the more expensive 
scenarios. The cost differences between the scenarios can be explained by several factors. First, there is a 
difference in the cost breakdown between the scenarios. For example, cost for land is assumed to be more 
expensive in the V5 scenario compared to the other scenarios, see also (Dam et al. 2004). Another reason is that 
the land suitability classes between the scenarios are utilized in different ways. The cost level in the V2-2030 
scenario of the region PLO3 is for example based on a 12% use of marginal land compared to 1% in the V1-
2030 scenario. Cost ranges in € / t dm between the minimum and maximum cost level for biomass production 
in the regions for the different scenarios is a factor 2.   

 

3 Logistics and chain selection 

Hamelinck et al. (2003) has developed a modular spreadsheet model to enable a techno-economic analysis of a 
large variety of logistic long distance chains for bio-energy systems. A chain is defined by the user and 
processed by the model to yield results on costs and energy use. In each step along the transport chain, a 
biomass processing action can be selected. For each module, costs, energy use, scale effect and time (i.e. load 
factor, dry matter losses) are taken into account. The model processes all steps in consecutive order. After each 
step the results for cost and energy use are retained for an overview and new biomass characteristics are 
written to the next step.  
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In general, four system components can be distinguished to structure international supply systems 
(Hamelinck et al. 2003): biomass production, pre-treatment, transport and energy conversion. For each system 
component, various parameters determine the performance and an individual cost and energy analysis can be 
made.  

 

3.1 Building generic logistical chains 

Considering the transport means and wide range of bio-energy commodities, many logistic chains are 
possible to move bio-energy from one country to another. In this study, these wide ranges of options are 
limited to 2 generic types of logistic chains based on previous results from studies about logistics. Next, the 
generic chains are further detailed to the specific situations and transport chains in the regions in the CEEC 
(see chapter 4). 

3.1.1 Key commodities used in logistic chain 

Ethanol is selected as fuel for several reasons. Bioethanol is one of the two major biofuels produced and used 
today in the EU. At this moment there is a significant take off for new bioethanol plants in the EU (Maniatis 
2004). Advantages are that bioethanol can be flexibly blended to a fair percentage in gasoline. Beside this, bio-
ethanol production is relatively attractive economically with reasonable production capacities (Hamelinck et 
al. 2003). Maniatis (2004) mentions that bioethanol could become the main renewable transport fuel of the 
future in the EU.  

Ethanol can be produced from lignocellulosic crops, sugar and starch crops. Sugar beets give good yields, but 
are generally more expensive, less environmental friendly and only give good yields on higher quality lands. 
Beside this, the potentials1 are lower than for perennial crops, see also the results of (Dam et al. 2004). 
Therefore, for 2030, we focus on perennials / lignocellulosic sources. 

                                                 
1 The results presented in Dam, J. v., A. Faaij, et al. (2004). Biofuel production potentials in Central and Eastern Europe 
under different scenarios, Final report of WP3 of the VIEWLS project, funded by DG Tren. Utrecht, Copernicus Institute, 
University Utrecht and partners: 40 + appendices. refer to the whole crop. In practice, only part of the traditional feed crops 
can be used for fuel production. This means a substantial increase in production costs (in € / ton) and a decrease in the 
potential illustrated in Dam, J. v., A. Faaij, et al. (2004). Biofuel production potentials in Central and Eastern Europe under 
different scenarios, Final report of WP3 of the VIEWLS project, funded by DG Tren. Utrecht, Copernicus Institute, 
University Utrecht and partners: 40 + appendices. for the traditional crops, which makes lignocelluloses crops more 
favourable in this respect. 

Figure 9: Model set-up and information flow through the modelled chain [Hamelinck, 2003 #215] 

Operation, distance, 
parameters

Amount, material 
characteristics 

Costs, energy use 
Total costs and 
energy use

User chooses 
biomass amount 

Source Step 1 Step 2 Step N  

Characteristics 
biomass delivered, 
amount



WP 4 report: Trade chains 

 14

Key issue at present is that conversion technology for lignocellulosic biomass from ethanol production is not 
commercially available yet. However, for 2030 we assume this technology is commercially available. We use 
data from (Hamelinck 2004) for expected efficiencies, costs and scaling factors.  

(Hamelinck et al. 2003) shows in the cost results for a set of chains delivering European forest residues to a 
power plant in the Netherlands that there is a clear cost reduction when pellets are transport by ship 
compared to the transport of chips. The process of densification is important as it reduces dry matter losses 
and the number of international trips, especially for large distance and larger scale chains.  Here, we focus on 
pellets / briquettes because it is a well-known and traded commodity. 
Concluding, ethanol is selected as fuel. Willow is selected as the biomass source. Before starting the 
international transport chain, a process of densification is required.  

3.1.2 Local logistics 

Most conversion technologies are capital intensive and need to be operated at high load factors to obtain a 
good economic performance. An important condition for a cost-effective and efficient supply chain is 
therefore a guarantee of continuous supply at the point of destination. Storage is needed at points in the chain 
where delivering and further transportation do not match (Hamelinck et al. 2003).   

The biomass production in the region (willow) is restricted to a certain harvest window: the period in which 
the biomass is harvested on the field of the farm. The harvest period for willow is 4 months per year (Weger 
2004) in wintertime in the Czech Republic. This period is used as a reference for all regions. For a continuous 
input of biomass to the logistic chain, a storage point is needed to guarantee a continuous year-round supply. 
(Hamelinck et al. 2003) mentions that storage is often applied at the roadside or at the farm (at the beginning 
of the chain) storage to dry the biomass. This requires the harvesting of stem or bundles at the field of the 
farm. 

Truck transport is generally applied for relatively short distances (< 100 km.) where flexibility is required 
because multiple production sites have to be accessed, or where train or ship infrastructure is absent 
(Hamelinck et al. 2003). Thus, truck transport is used for local logistics in the region. Beside this, storage is 
needed in the chain to guarantee a continuous supply. As this is often applied, we assume a storage point in 
the beginning of the chain at the farm. This requires the production of stems or bundles at the farm.  

3.1.3 International logistics 

Generally, biomass is collected locally at small-scale production sites and subsequently transported to a 
Central Gathering Point (CGP), where the biomass is transferred to the main international transport corridors 
(Hamelinck et al. 2003). Truck transport generally becomes too expensive for transport of untreated, low 
density biomass on distances longer than 100 km. Train transport could be applied for longer overland 
distances (> 100 km.) and can be a serious competitor with ship transport on inland waterways for middle 
distance international transport, because transfer points of harbours are not needed. Sea transport is applied 
for longer distances. It has low variable costs and a low energy use (per t km) compared to other transport 
means (Hamelinck et al. 2003). Based on these findings we can conclude that ship and train transport will be 
used for longer distances in the logistic chains. A CGP is needed to transfer from regional small-scale logistics 
to the main international transport routes in Europe. 
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3.1.4 Scaling issues 

Results from (Hamelinck 2004) show a cost advantage for larger scale plants. One of the reasons for this cost 
advantage is the higher efficiency level. Larger scales do not logically decrease costs further as most 
components reach a maximum capacity at a certain stage. Thus, larger scales are applied in the chains when as 
this creates a further cost reduction.  

Based on these findings, we limit the wide range of possible chains to two generic logistical chains for each 
region considered: 

 

4 Specifying logistic chains 

The biomass production source is a selected Nuts-2 region in the CEEC. These are PLOG and PL03 regions in 
Poland, HU05 in Hungary, CZ03 in Czech Republic and RO03 in Romania (see also chapter 2). For the 
destination area of the product, industrial areas in Europe with already main refineries and distribution points 
for transport fuels are selected. Transport corridors need to connect the destination areas with one of the five 
source areas. Zeebroeck (2004) has studied the main transport corridors and their capacities in Europe with 
respect to rail and ship transport. Information can be found in appendix 2. 

The selected destination areas for the CEEC regions are: 

• Rotterdam: destination area for PLOG and PLO3, 
• Duisburg, Germany: destination area for PLOG, PLO3, CZ03, HU03 and RO03 
• Marseille, France: destination area for RO03 
 
Two different international transport chains are selected per region in the CEEC. The selected transport chains 
are indicated in figure 10. The alternatives for international transport from the regions in Poland are Short Sea 
Shipping (SSS) or train transport. Ship transport via Inland Waterways (IWW) or train transport is the 
alternative transport modes for the regions in Hungary and Czech Republic. The region in Romania has SSS 
or IWW as options for international transport. 

The logistic chains are assumed for the year 2030. It is expected that cost levels in the CEEC for transport have 
reached EU-levels in that period of time. As cost differences within EU-15 and scenarios are small (see 
appendix 3), we make the calculations for the logistic chains for the EU-average, which is similar to the EU 
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scenario (V3 2030). Feedstock costs show a cost variation of a factor 2 between the different scenarios. For 
feedstock costs and potential, we take the V3 2030 scenario as a basis. Various variations in i.e. transport and 
biomass production costs will be discussed in the sensitivity analysis. 

 

4.1 Main corridors in Europe and their capacities 

For rail transport, there are three relevant east-west corridors:  

1. “UK – France / Benelux – Germany – Austria – Hungary (Metz – Mannheim / Strasbourg / Karlsruhe – (or 
starting from Rotterdam through Ruhr area) Nürnberg (Passau Linz Vienna or Cheb Prague – Velenice – 
Bratislava) – Budapest” 

2. “Benelux via Germany to Poland (Duisburg – Hannover – Berlin – Warsaw)” 
3. “Germany to Czech Republic – Slovakia – Austria / Hungary – Bulgaria (Berlin – Prague – Veseli – 

Vienna – Hegyeshalom – Budapest- (Bucharest) / Prague – Brno – Bratislava – Budapest – (Bucharest)”  

Figure 10: Main international transport corridors to connect destination areas with selected regions  
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Zeebroeck (2004) gives some information about current capacities and border barriers on the rail network in 
Europe, see also appendix 2. Zeebroeck (2004) mentions that there is still, based on current transport flows, 
sufficient rail capacity left on the Eastern European rail network. Based on the current network, no enormous 
capacity is left on the main corridors of the European rail network. At this moment, some border barriers for 
rail transport exist along the borders of Austria and Czech Republic. However, we assume that in 2030 
potential capacity problems will be solved in the rail network through extra investments.  

Zeebroeck (2004) has studied the main water corridors and its capacities for Short Sea Shipping (SSS) and 
Inland Water Way (IWW) for transport from the CEEC to WEC based on maps showing the European 
transport flows in Europe per transport mode.  SSS is possible along the shores of the North Sea and 
Mediterranean Sea so that the destination areas can be reached from Central Europe. Zeebroeck (2004) 
mentions that that there is still capacity left in Europe. The Danube – Rhine waterway is an important 
transport infrastructure for IWW as it links the Black Sea to the North Sea while passing Central Europe. 
There is some information available about capacities for the Danube- Rhine Waterway (Zeebroeck 2004).  

Thus, for IWW and SSS there is still capacity left in Europe. If we look at the current situation, a bottleneck for 
large-scale IWW transport might be the accessibility of large ships in parts of the Danube – Rhine Waterway. 
Beside this, some harbours might have problems with handling liquid fuels on large scale at this moment 
(Zeebroeck 2004). It can be assumed that these problems are solved in 2030.   

 

4.2 Selected transport chains in regions 

The steps in the logistic chain will be discussed, starting at the beginning of the chain. The steps include: 

• Biomass on the farm 
• Local logistics 
• Transport from 1st processing unit to CGP 
• International transport  

The different steps and the required data in the chain will be discussed in detail in 4.2.1 to 4.2.4 

4.2.1 Biomass on the farm 

Willow is harvested and bundled on the field. Weger (2004) mentions for a set of field trials for willow in the 
regions CZ020, CZ031 and CZ042 the moisture content between 48% and 54% for willow energy crops. When 
harvesting bundles, moisture content decreases to around 30-45% (Hamelinck et al. 2003). For this study, we 
assume moisture content of 30% for willow bundles at the field before truck transport. For the density of 
willow bundles we use information from the Czech Republic, assuming a density of 440 kg / m3 dry biomass 
(Koutský and Vošta 2002). As also mentioned in 3.1, the assumed harvest period is 4 months per year, from 
December to March (Weger 2004).   

After harvesting and bundling of willow, the bundles are transported to the farm. Typical farm sizes in the 
CEEC regions are 5 to 10 ha, see also appendix 3. Based on this information, maximum transport distances on 
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the field are 150 m2. Thus, the distance to bring willow from the field to the farm by tractor will be very 
limited. Because of this very small distance, we assume that tractor costs for transport on the field are 
included in the biomass harvest and production costs.   

After transporting the biomass from the field to the farm, the biomass will be stored in open air at the farm. 
Hamelinck et al. (2003) mentions, as cost figures for storage in open air, a base capital of M€ 2.27*10-6 with 3% 
O&M. It is assumed that farms supply wood year round to the processing facilities. The model from 
(Hamelinck 2004) then calculates an average storage time of 4 months per year. 

4.2.2 Local logistics 

Pelletisation, drying and ethanol conversion takes place within the CEEC region. Data are available from 
(Hamelinck et al. 2003). We will use these data sets as input in the model. 

• Pelletisation and drying 
Data from Hamelinck et al. (2003) are used to calculate costs and energy use for the pelletisation process. 
As a reference we use data from the Stork Dryer (Hamelinck et al. 2003). Maximum scale for this drum is 
17.8 tonne / hour. For pelletisation, we use the dataset for a pellet press that has a maximum capacity of 8 
tonnes / hour. The load factor is 90% (which is 7884 hours / yr). A Stork Dryer can process 140 ktonne / 
year and a pellet press can process 63-ktonne/ year. The pellet and drying unit is seen as a combined pre-
processing unit. We assume an average input of 11 tonne / hour. Based on a load factor of 90%, the pellet 
and drying unit requires 86 ktonne / year. 

• Ethanol conversion in the region: 
We assume that ethanol conversion in the region takes place on a smaller scale, which is 380 MW lhv 
input. Data for scale factors and ethanol conversion are available from Hamelinck et al. (2003). Based on 
a load factor of 90% (which is 7884 hours / yr), the ethanol plant requires a yearly input of 1.08+07 GJ per 
year, which is a yearly input of 912 ktonne (based on a moisture content of 30% and an energy content of 
15.4 GJ LHV/ t dm. 

After storage on the farm, the bundles need to be transported by truck to the nearest pellet plant or ethanol 
plant in the region. Two important variables in this transport step are the average distance from the farm to 1st 
processing unit and the costs for truck transport in €/ t km 

 
4.2.2.1 Estimating the distance farm – 1st processing unit 

For estimating this distance farm – 1st processing unit, a set of variables needs to be collected (see also figure 
11). First step to calculate the distance from the field of the farmer to the pre-processing units, is the 
calculation of the required “delivery area” (in km2) around the pre-processing unit or plant. 

Formula:   [Input plant in tonne] / [yield energy crop in tonne / ha] 
                                            Coverage energy crop in % 
 

                                                 
2 For formula about estimating transport distance, see also 4.2.2.1 
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Coverage of willow cultivation is in % and yield levels for willow production in the regions are presented in 
chapter 2.1.  Based on this formula, the required delivery area (in km2) is calculated for a small-scale ethanol 
plant and a combination of pellet / drying plant. The data from scenario V3 2030 are used in the calculations 
and presented in table 6. 

 

Table 6: Required area for willow cultivation for drying / pellet unit and small-scale ethanol plant in the 

regions for scenario V3 2030, yield in t / ha (based on 30% MC), required area in km2 

 PLOG PLO3 RO03 HU05 CZ03 
Yield in t / ha 16.45 16.24 18.34 13.56 9.83 
Coverage (in %) 36% 32% 52% 34% 40% 
Area for drying / pellet unit (km2) 145 166 90 187 219 
Area for Ethanol plant (km2) 1541 1755 956 1978 2320 

To calculate the distance from the field of the farmer to the 1st processing unit, we use the following formula: 

R = (√ ½ A / ∏) 

“A” is the calculated required area for willow cultivation for the selected plant in km2 (see table 6). “R” is the 
radius of the circle (which presents the required distribution area).  Based on this formula, the required 
distances are calculated for a small-scale ethanol plant and a combination of pellet / drying plant. The data 
from scenario V3 2030 are used in the calculations and presented in table 7. 

Table 7: Distance field farmer to Drying / pellet unit or ethanol plant in the selected region in km 

 PLOG PLO3 RO03 HU05 CZ03 
Distance for drying / pellet unit (km) 4.8 5.1 3.8 5.4 5.9 
Distance for Ethanol plant (km) 15.7 16.7 12.3 17.7 19.2 

 

4.2.2.2 Costs for truck transport 

Truck transport from the storage of the farmer to the 1st processing unit is “dedicated”, meaning that the 
farmer has no new load on its way back. Zeebroeck (2004) mention as average a speed 50 km / hours for truck 
transport. This number is used for truck transport in the model. Based on data from (Hamelinck et al. 2003), 
we assume a load / unload speed of 260 m3 / hr and load / unload costs of € 0,50 / m3. For truck transport, we 

Figure 11: Theoretical presentation of local logistics in region. Distribution area for a unit is presented in a 
circle. Farms are equally spread in the area to distribute this unit. Average distance is radius of ½-required area 
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use the cost data for Europe for the scenario V3 2030: € 0,08 / t km. Information about cost ranges for truck 
transport for different scenarios can be found in appendix 2. 

The maximum capacity of a large truck is 28 ton or 50.000 litres for fuels. This is equal to a load capacity of 100 
m3 (Zeebroeck 2004). As the weight of pellets (55.2 t/ 100 m3) is above the maximum weight (28 t) of the truck, 
volume is the limiting factor for truck transport of pellets. This is also true for biomass bundles, with a density 
of 44 ton/ 100 m3. Therefore, we can use the given data from Zeebroeck (2004) for truck transport of fuels, 
pellets and willow bundles.  

Figure 12: Central Gathering Points in the regions serve as connection points from the regional transport 
routes to the main transport corridors in the country and in Europe. 
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4.2.3 Transport from region to CGP 

The distances from the 1st processing unit to the Central Gathering Point (CGP) are different per selected 
region. Figure 12 show these transfer points in the selected regions. Truck transport from the 1st processing 
units to the CGP is “dedicated” meaning that the trucks return empty. After passing the 1st processing unit, 
pellets or ethanol are transported to a Central Gathering Point (CGP) by truck. At this point, products are 
collected from the selected region and further transported via international transport. 

For calculating the distance between the processing units to the next CGP, we use the same formula (R region =  
(√ ½* A /∏) as mentioned in chapter 4.2.2.1 “A” is the area of the selected region in km2. We assume the 
following distances from the 1st processing unit t o the CGP: 

Table 8: Average transport distances in km from the 1st processing unit to the CGP in each region: 

Region Location CGP Distance Processing unit – CGP in km.  
Region PL03 Lublin, Poland 63.2 km. 
Region PLOG Szczecin, Poland 60.4 km. 

Giurgiu, Romania (IWW) 74 km. Region RO03 
Calarasi, Romania (SSS) 74 km. 

Region HU05 Miskolc, Hungary  46.2 km. 
Region CZ03 Budweis, Czech Republic 53 km. 

 

4.2.4 International transport 

International transport by ship or train is “non-dedicated”, meaning that the ships or trains bring return with 
a new load on their way back.  Distances and transport routes are from (Zeebroeck 2004) and available per 
region. International transport routes for each region are given in table 9. 
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Table 9: International transport routes and their distances for 2 transport corridors per region: 

Region Process Location source Destination Distance in km. 
Option 1 
Transport, SSS CGP Szczecin Rotterdam 976 
Option 2 

PLOG 

Transport, railway CGP Szczecin Duisburg 702 
Option 1 
Transport, railway CGP Warsaw Gdansk 318 
Transport, SSS Gdansk Rotterdam 1226 
Option 2 
Transport, railway CGP Warsaw Border Poland - Germany 407 

PLO3 

Transport, railway Border Poland - Germany Duisburg 656 
Option 1 
Transport, IWW CGP Calarasi Constanta, Romania 118 
Transport, SSS Constanta Marseille, France 2915 
Option 2 
Transport, IWW CGP Giurgiu, Romania Border Romania - Hungary 857 
Transport, IWW Border Romania - Hungary Border Hungary - Austria 293 
Transport, IWW Border Hungary - Austria Border Austria - Germany 355 

RO03 

Transport, IWW Border Austria - Germany Duisburg 675 
Option 1 
Transport, railway CGP Miskolc, Hungary Budapest, Hungary 185 
Transport, IWW Budapest Hungarian – Austrian border 216 
Transport, IWW Hungarian – Austrian border Austrian – German border 355 
Transport, IWW Austrian – German border Duisburg 675 
Option 2 
Transport, railway CGP Miskolc, Hungary Hungarian – Austrian border 278 
Railway via Linz  Hungarian – Austrian border Austrian – German border 368 

HU05 

Transport, railway Austrian – German border Duisburg, Germany 736 
Option 1 
Transport, railway CGP Budweis Czech – Austrian border 68 
Transport, railway Czech – Austrian border Linz, Austria 64 
Transport, IWW Linz, Austria Austrian – German border 90 
Transport, IWW Austrian – German border Duisburg 675 
Option 2 
Transport, railway CGP Budweis Czech – Austrian border 68 
Railway via Linz  Czech – Austrian border Austrian – German border 167 

CZ03 

Transport, railway Austrian – German border Duisburg 776 

Cost data for international transport are given by Zeebroeck (2004) per transport mode in € / t km. Cost data 
used in the model are based on current Western European cost levels, which is scenario V3 2030. Table 10 
shows the cost range in € / t km over the different scenarios V1-V5. Generally, the V2 scenario shows the 
lowest cost levels. The V5 scenario, on the other hand, has the highest cost levels due to extra costs for 
environmental measures. Data about capacities of transport modes and average speed (in km/ hr) are from 
(Zeebroeck 2004) and (Hamelinck et al. 2003).  

 

 



WP 4 report: Trade chains 

 23

Table 10: Cost data and transport characteristics for international transport modes: 

Transport costs Loading / unloading Characteristics transport mode 
Range in € / T km 

Mode 
€ / T km for 
V3 –2030 Min. Max. 

Costs in € / 
tonne 

Speed in t / 
hr 

Capacity in 
tons 

Capacity in 
m3 

Speed in km 
/ hr 

SSS € 0,0055 € 0.0048 € 0.0058 € 7,43 60 2425 40624 26.6 
IWW € 0,022 € 0.004 € 0.023 € 7.4 60 2000 33505 10 
Train € 0.046 € 0.007 € 0.051 € 0.23 / m3 260 m3 / hr 1000 2500 50 

 

5 Results: Performance of transport chains 

Results about cost performance for the selected transport chains are presented in figure 13, 14 and 15. Costs 
for ethanol are presented in € / GJ HHV. Costs for delivered pellets are presented in € / ton dry delivered.  

Figure 14 and 15 show that costs for ethanol is cheaper when conversion takes place within the CEEC region 
than in the place of destination.  The main reason is the cost advantage due to a reduction in international ship 
and train transport.  

                                                 
3 Data are based on a small vessel from Hamelinck, C., R. Suurs, et al. (2003). International bioenergy transport costs and energy 
balance. Utrecht, Copernicus Institute, University Utrecht: 53. 
4 Based on the ratio of cargo capacity (tonne: m3) for a ”small vessel” (capacity of 4000 tonne) from Ibid., we estimate the capacity for a 
SSS ship on 4062 m3 
5 Based on the ratio of cargo capacity (tonne: m3) for a ”small vessel” (capacity of 4000 tonne) from Ibid., we estimate the capacity for 
an IWW ship on 3350 m3 
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Figure 13: Costs for pellets in € / tonne dry delivered for selected logistic chains.  Destination areas take place in Rotterdam – 
the Netherlands (Rot), Marseille - France (Mars) and Duisburg in Germany (Dui). 
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Short sea shipping (SSS) shows low cost estimates for long distance transport. The cost reductions for SSS 
compared to train or IWW ships as transport mode for pellets are large. The chains for PLOG show a cost 
difference of € 2, - / GJ HHV between SSS and train transport to Rotterdam. The chains for RO03 show even a 
larger cost difference of almost € 5, - / GJ HHV between SSS and IWW transport. However, it must be 
considered that we deal with different destination areas for this region.  

It is cheapest to produce ethanol in the regions in Poland.  The regions in Czech Republic and Hungary are 
most expensive – compared to the other regions – for ethanol production. Main reasons are the differences in 
biomass feedstock and the differences in transport costs for long distance. This can also partly be explained 
due to the fact that the biomass from the Polish regions need to bridge smaller distances to reach the 
destination areas than the regions in Czech Republic and Hungary. These regions are located in mainland 
Europe so that large distance biomass transport from these regions cannot make use of SSS (the cheapest 
transport mode for long distances) and are limited to IWW and rail transport.  

 

6 Discussion and conclusions 

The results are based on cost data for scenario V3 2030. Cost ranges for biomass production and transport 
modes are described in chapter 2 and 4. Figure 16 shows the sensitivity of the results for the cost ranges of 
truck transport and biomass production for the region PLO3. Minimum cost levels for biomass production can 
be achieved in scenario V1 2030. The lowest range for transportation costs comes from transport data based on 
the current situation in the CEEC (V2 scenario). The scenario V5 2030 has the maximum costs for biomass 
production and transport.  The total cost range between minimum and maximum cost levels is almost € 6, - / 
GJ HHV liquids. Cost range for biomass production is around € 2, - / GJ HHV. Cost ranges for transport 
modes are about € 2, - / GJ HHV for train transport, € 1, - / GJ HHV for truck transport and about € 0,20 / GJ 
HHV for SSS transport.  Thus, results show the largest cost variations for biomass production costs and train 

Figure 16: PLO3, chain transport with train and SSS for fuel conversion in Rotterdam. Left: data input from V3 
scenario, Centre:  data input with lowest cost ranges for biomass production, train, truck and SSS transport. Right: 
data input with maximum cost ranges for biomass production, train, truck and SSS transport. 
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transport for this chain. Important to notice is that the chain with minimum cost levels (in the centre of figure 
16) consists of a combination of data from scenario V2 (based on current situation CEEC) and V1 (high tech 
advanced scenario). In other words, this chain gets the best from two opposite scenarios.  

The results show that considerable cost advantages can be achieved when ethanol conversion takes place 
within the CEEC region. SSS transport shows most cost advantages for long distance international transport. 
The regions in Romania and Poland show a better economic performance for long distance trade of biomass 
production than the regions in Hungary and Czech Republic. This can partly be explained by the geographical 
location of the regions and the selection of the destination areas. First, the regions in Hungary and Czech 
Republic are both located in mainland Europe which limits these regions to the more expensive options for 
international transport: IWW and rail. The selection of the destination area Duisburg for these regions has as 
consequence that a long distance has to be bridges over mainland. Another destination area (i.e. in Austria), 
located closer to the Hungarian and Czech borders, might give different economic performance results for 
these regions. 

 

7 Appendices: 

 
1. International bioenergy transport - costs and energy balance; manuscript providing insight into the data  

and methodology used in WP4, (Hamelinck, Suurs and Faaij 2004). 

2. Contribution of Transport & Mobility Leuven to WP4 and WP5:  Report about transport capacities, 

bottlenecks and costs in Europe, (Zeebroeck 2004)  

3. Analysis of technical, environmental and economic performance of typical biomass production chains 

within CEEC Model regions (case studies); report by the Institute for Energy and Environment (IE), 

(Falkenberg, Hein, Schröder, Thrän, Weber). 
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