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Abstract 14 

This paper analyses the financial performance of a poplar short rotation woody crop (SRWC) 15 

plantation in Belgium, from a farmer’s and an investor’s viewpoint, based on simulations from 16 

the newly developed model POPFINUA. The establishment, production and harvest costs were 17 

investigated to calculate the net present value (NPV) and the equivalent annual value (EAV) of 18 

the SRWC cultivation when the biomass chips were sold at a price of 40 € Mg
-1 

with a moisture 19 

content (m.c.) of 50%. The calculated NPVs were 229 € ha-1
 and -485 € ha-1

, and the EAVs 20 

equalled 16.3 € ha-1
 y

-1
 and -34.6 € ha-1

 y
-1

 for the farmer’s and investor’s scenario respectively. 21 

The break-even price at which the produced biomass could be sold at the farm gate excluding 22 

transport, handling, storage, and profit margins of the involved companies was calculated using 23 

the levelized costs method and equalled 78.4 € odt-1
 (oven-dried ton) and 83.5 € odt -1

 for the 24 

farmer’s and investor’s viewpoint respectively. Three harvesting strategies, applied on a SRWC 25 

plantation of 18.1 ha in Flanders (Belgium), were studied and compared. It became clear that 26 

preference should be given to more economic, small-scale harvesters instead of large-scale self-27 

propelled harvesters, given the relatively limited surface available for SRWCs in Belgium. 28 

Furthermore, the inclusion of transportation over a distance of 50 km by truck increased the LC 29 

by 15.1 € odt-1
. Moreover, subsidies such as establishment grants and/or yearly incentives proved 30 

indispensable to make this long-term investment profitable. This is particularly true for the 31 

scenario where an investor decides to cultivate SRWCs for energy purposes.  32 

 33 

 34 

 35 
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1. Introduction 36 

The use of fossil energy is widely considered as being harmful to the global environment by 37 

adding greenhouse gases (GHGs) to the atmosphere and by contributing to soil contamination 38 

and water pollution [1]. To mitigate these harmful impacts, the transition to renewable energy 39 

sources in combination with improved energy use efficiency is indispensable. Biomass has been 40 

identified as a renewable energy source which can contribute significantly to the carbon 41 

abatement strategy aiming at a 20% reduction and which can increase the share of renewable 42 

energy in the total energy consumption to 20% in Europe by 2020 [2]. Therefore the European 43 

Commission has developed a Renewable Energy Road map for the deployment of bioenergy as a 44 

focal renewable source of energy for the EU within the framework of the Energy Policy for 45 

Europe [3,4].  46 

Bioenergy can originate from many sources, from organic waste streams over forest residues to 47 

annual and perennial crops, grown specifically for energy production. The latter, in particular 48 

short rotation woody crops (SRWCs), such as poplar and willow, are projected to play a major 49 

role in the supply of biomass feedstock and are able to deliver 80% to 90% GHG emission 50 

reductions compared to the fossil energy baseline [5]. 51 

The present analysis fits within this overall framework of bioenergy sources from SRWCs, and 52 

their potential for the future energy supply in the EU, in particular from an economic point of 53 

view. The study aims at an assessment of the financial feasibility of bioenergy plantations of fast-54 

growing woody crops, in this case poplars, in Belgium. We have opted to focus on the cultivation 55 

of poplar for bioenergy because this species is of significant value from an economic point of 56 

view in Belgium, covering about 13.8 % of the forest area and accounting for up to 50 % of the 57 
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hardwood timber production [6]. Moreover, poplar has a number of well know favourable 58 

characteristics as compared to other energy crops. Poplars are easy to propagate from cuttings, 59 

they show a remarkable early youth growth and a high biomass yield, and they have an intensive 60 

gas exchange metabolism. Some drawbacks of this crop, on the other hand, are the considerable 61 

water and light demand, and the high susceptibility to diseases [7,8]. 62 

Several authors [9-11] have discussed the financial viability of SRWCs for bioenergy in a 63 

number of countries, with varying conclusions. Mitchell et al. [9] argued that government 64 

incentives and a stable market for wood chips are indispensable for SRWCs to compete with 65 

conventional agricultural crops and to become feasible at a commercial scale in the United 66 

Kingdom.  Styles et al. [10] concluded that the cultivation of energy crops, such as willow and 67 

Miscanthus, is highly competitive with conventional agricultural systems in Ireland. Ericsson et 68 

al. [11], on the other hand, found that willow is an economically feasible energy crop for 69 

relatively large farms in Poland as the production costs are significantly lower compared to 70 

Western European countries, because of the lower diesel, labour and fertilizer costs.  71 

Over the past years, a number of financial valuation models have been developed specifically for 72 

SRWCs. The budget model, EcoWillow, allows the financial assessment of the entire production 73 

chain for willow cultures in the USA [12]. EcoWillow, however, does not allow the modification 74 

of a number of parameters, such as the plantation lifetime and the harvesting strategy (only 75 

combined harvest and chipping is considered). Moreover, the model assumes coppicing after the 76 

first year to produce multiple stems, which is seldom applied when cultivating poplar because of 77 

its stronger apical dominance
1
 [13]. Rosenqvist [14], on the other hand, developed a model which 78 

                                                           
1
 Definition: Inhibition of the growth of lateral buds by the terminal bud of a plant shoot, i.e. the main central stem 

is dominant over the other side stems and as a consequence less shoots per stool are produced and the lower 

shoots are suppressed 
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allows the comparison of the financial viability of long-term SRWCs with agricultural annual 79 

crops. Unfortunately, the model has been developed for Swedish conditions only and does not 80 

allow the modification of the discount rate, neither of the rotation length nor of the lifetime, 81 

making a contemporary and detailed financial analysis of the cultivation of SRWCs difficult. The 82 

Renewable Energy Crop Analysis Programme (RECAP) developed by the Energy Technology 83 

Support Unit (ETSU) on behalf of the UK Department of Trade and Industry (DTI) is another 84 

example of a financial feasibility assessment tool dedicated to SRWCs [15]. Despite its apparent 85 

usefulness based on the description in the literature [16,17], all the efforts to secure a copy of this 86 

model were to no avail. A very useful and detailed, but unfortunately outdated model, is the 87 

ECOP model [18]. This model provides a highly detailed financial viability analysis of SRWC 88 

production and conversion stages, where electricity is produced in low power gasifiers. Although 89 

we were unable to acquire a version of this model, we were able to use several ideas of it [18]. 90 

The present study extends previous analysis (i) by discussing the financial viability of the 91 

cultivation of poplar SRWCs for bioenergy from both a farmer’s and an investor’s viewpoint 92 

based on data gained from the literature and from an operational plantation in Flanders, Belgium; 93 

(ii) by examining the relative impact of key variables (discount rate, biomass yield, subsidies and 94 

biomass price) on the financial balance of the cultivation of SRWCs; (iii) by revealing the most 95 

important contributors to the final costs together with the (non-)financial barriers to SRWCs in 96 

Belgium.  97 

 98 

2. Materials and Methods 99 

2.1. Model development 100 
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Because the afore-mentioned models did not allow a detailed analysis of the profitability of 101 

SRWCs, we developed a new spreadsheet model ‘POPFINUA’ for poplar in a SRWC culture for 102 

bioenergy. The model is designed to analyse the financial feasibility of the cultivation of fast 103 

growing woody trees (i.e. poplar and willow) in a short rotation coppice management system for 104 

the production of biomass woody chips. The model allows us to alter a number of key variables 105 

and simultaneously visualize the impact of the modification on the costs and on the financial 106 

viability of a SRWC plantation. Moreover, the user can choose whether the operations are 107 

undertaken by farm labour or by contractors and include/exclude the transportation to the power 108 

plant (plant gate versus farm gate). The model was developed as a Microsoft® Excel® folder 109 

which only contains functions and links between cells (without macros). In this analysis we only 110 

focus on the cultivation phase of SRWC plantation with or without including transport to the 111 

farm/energy plant. The model exists of four data input sheets, two balance sheets with discounted 112 

and non-discounted cash flows and a sheet containing the most relevant graphs. Fig. 1 provides a 113 

simplified scheme of the model, including the model input and the output.  114 

2.2. Model input 115 

The model consists of four different data input sheets, of which one is dedicated to the input of 116 

general assumptions, such as the land area, land costs, assumed annual biomass increment in the 117 

first and subsequent rotations, discount rate, rotation length, number of rotations, plantation 118 

lifetime, overhead costs as a percentage of yearly costs, biomass sales price, and government 119 

incentives (subdivided in establishment grants and yearly incentives). In addition, a number of 120 

options regarding the application of fertilizers and weed control can be modified in this sheet. 121 

The other three sheets are dedicated to the input of data regarding the establishment, 122 

maintenance, and harvest and transport.  123 
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First, the establishment sheet uses input data regarding the site preparation, planting (including 124 

planting material) and herbicide application to calculate the establishment cost. For the 125 

calculation of the allocated costs of these agricultural operations, machinery costs, labour costs 126 

and costs of chemicals and planting material are required. The machinery costs are computed 127 

using the purchase price, salvage value, lifetime, fuel costs and transportation costs and are 128 

allocated to the agricultural operations based upon the operation rate of the machine for the 129 

operation involved.  When the work is farmed out, however, data regarding the machinery and 130 

labour costs are not required and the user can simply fill in a value per hectare for the considered 131 

operation.  132 

Second, three different weed management strategies are distinguished in the maintenance sheet: 133 

manual, mechanical and chemical weed control. The model allows the selection of one single or a 134 

combination of different weed management strategies, but does not allow the modification of the 135 

initial chosen strategy (and the associated costs) over the plantation lifetime. In addition, the 136 

maintenance sheet contains cells for the input of data regarding fertilizer application and stump 137 

removal at the end of the plantation lifetime.  138 

Lastly, the harvest and the biomass transportation costs are calculated based upon data input in 139 

the harvest sheet. The model assumes no storage costs, as the biomass is sold as wet chips at the 140 

farm gate and stored at or close to the conversion facility, which implies that on-site storage is 141 

not required [12,18].  142 

In accordance with the establishment, the user can either enter detailed data regarding the 143 

machinery, labour and material costs or decide to fill in a value per hectare if a contractor 144 

performs the maintenance and/or harvest of the SRWC plantation. 145 
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2.3. Model output 146 

The model calculates three financial valuation metrics commonly used to calculate and assess the 147 

financial feasibility of long-term investments: the net present value (NPV), the equivalent annual 148 

value (EAV) and the levelized cost (LC). We did not calculate the internal rate of return, as this 149 

metrics can give a biased picture of the profitability of the plantation, certainly if establishment 150 

grants are taken into account [19].   151 

2.3.1. Net present value (NPV) 152 

As the costs and benefits of the production of SRWCs are spread over the lifetime of the 153 

plantation, it is necessary to discount these items to allow a relevant comparison with competing 154 

investment projects. Therefore, the NPV of the SRWC plantation is calculated which brings back 155 

the cash flows to a reference time on the basis of a reference discount rate, following Eq. 1. 156 

 157 

    ∑        
       

with   = time (year) at which payment or revenues are made or received,   = lifetime of the 158 

plantation or the calculation period,   = discount rate (dimensionless), and   = size of the 159 

revenues or expenses at time t. A positive NPV means that the plantation is profitable taking into 160 

consideration the assumptions about the discount rate, the retail price of the biomass, the yield, 161 

and the plantation lifetime (see also Table 1). 162 

2.3.2. Equivalent annual value (EAV) 163 

Despite its undeniable interest from an investor’s point of view, the practical usefulness of the 164 

NPV from a farmer’s viewpoint is limited as it does not allow a straightforward comparison with 165 
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traditional annual agricultural crops. As SRWCs are mostly planted on agricultural land and are 166 

therefore often in competition with agricultural crops, it is important to allow a relevant and 167 

accurate comparison on a yearly basis. Therefore, the model calculates the EAV, which combines 168 

the present value and the annuity method to convert all costs and benefits into constant annual 169 

amounts over the considered plantation lifetime, following Eq. 2. 170 

                ∑        
       

with   = discount rate,   = lifetime of the plantation or calculation period,   = time (year) at 171 

which payment or revenues are made or received, and   = size of the payment at time t. The first 172 

right hand fraction of the equation represents the inverse of the annuity factor, whereas the 173 

second part is the NPV. 174 

2.3.3. Levelized cost (LC) 175 

A third metric, which is generated by the model is the levelized cost which gives the unique 176 

break-even cost price for the woody biomass chips where discounted revenues are equal to 177 

discounted expenditures, following Eq. 3: 178 

   ∑               ∑                

with    = levelized cost in year t,   = expenses in year t;   =biomass yield in year t. This metric 179 

is used to compare the cultivation cost of SRWCs with other energy crops/feedstock or other 180 

(renewable) energy carriers (if converted to a cost per energy unit). 181 

2.4. Data collection 182 
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The estimates for SRWC costs and revenues used in this analysis are based on a mixture of 183 

observed costs gained from an operational 18.4 ha SRWC site (POPFULL) situated in Lochristi, 184 

Belgium (51°06’44” N, 3°51’02” E) and established in April 2010, supplemented with literature 185 

data for variables which could not (yet) be collected from the plantation. These included among 186 

others lifetime of the plantation, biomass yield in subsequent rotations, etc. For a more detailed 187 

description of the operational site and the different genotypes of poplar and willow planted on 188 

this site, we refer to Broeckx et al. [20]. Table 2 provides a general overview of the site 189 

characteristics.  190 

 191 

3. Financial analysis 192 

3.1. Scenario assumptions 193 

This study calculated the average, budgeted costs of production, based on a full economic costs 194 

approach, including all variable and the allocated fixed costs, both from an investor’s and a 195 

farmer’s point of view. Therefore, a rental value for land which is owned by the farmer and a 196 

charge for the farmer’s own labour were included. Moreover, we assumed the same land costs for 197 

the farmer and the investor, to eliminate land as a determining variable for the different 198 

profitability of the two base case scenarios. These scenarios are based on 2010 prices and a 199 

discount rate of 4% y
-1

. As we are using nominal prices in our analysis, we adopted a nominal 200 

discount rate instead of a real discount rate. We calculated the discount rate by adding a risk 201 

premium of ± 1% y
-1

 to the nominal discount rate published by the European Commission for 202 

risk-free investments (3.07% y
-1

) [21]. Furthermore, we assume that the overhead cost represent a 203 
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fixed fraction of 3%  of the overall yearly cost (including land rent), these overhead costs include 204 

administration costs as well as allocated costs of buildings and infrastructure. 205 

In this study, we assumed the application of a post-emergent herbicide (glyphosate) prior to 206 

planting to kill existing vegetation. Next, the soil was (mole) ploughed, harrowed and a pre-207 

emergent herbicide was applied. After soil tillage and the application of herbicides, 25 cm long 208 

dormant and unrooted stem cuttings were planted in a double-row planting scheme, which 209 

implies an alternating distance of 75 cm and 150 cm between the rows and a varying distance 210 

between trees within the rows depending on the desired planting density. This double-row 211 

spacing facilitates the use of existing agricultural machinery for any necessary management 212 

operation. Regarding the cultivation, we assumed no fertilization during the lifetime of the 213 

plantation, as previous research on a 16-year-old SRWC plantation showed no decline of productivity 214 

after 4 rotations without fertilization [22,23]. Most of the nutrients in a poplar SRWC plantation are in the 215 

leaves and these are annually being returned and recycled to the soil [24-26]. Moreover, we assumed 216 

weed control to take place only in the establishment phase. We are aware that these optimistic 217 

assumptions had an impact on the costs and have therefore also calculated the cultivation costs 218 

when weed management is required in subsequent rotations (see Section “Management options”). 219 

An overview of the cost categories included and the management scheme assumed in this 220 

analysis are shown in Table 3. 221 

Table 1 provides an overview of the general assumptions which were equal for both scenarios. 222 

Unlike a number of studies [11,27] we did not assume that the production of SRWCs has moved 223 

beyond the ‘pioneering’ stage, as this is not the case in Belgium yet. As a consequence, Belgian 224 

farmers and investors interested in cultivating these energy crops are penalized by the 225 

unavailability of the appropriate machinery for planting and/or harvesting. 226 
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3.2. Scenario 1 - Mechanization by the farmer 227 

In this scenario a farmer produces SRWCs for bioenergy among other crops using his own 228 

equipment for agricultural operations, such as (mole) ploughing, harrowing, planting, spraying 229 

and collection of the chips during harvest. The harvest is subcontracted, as the costs of 230 

purchasing and owning a SRWC harvester are too high to be justified. The farmer remunerates 231 

himself for the hours he works on the plantation using the average hourly labour cost of 35 € h-1 
232 

in Belgium for the cost analysis [28]. The actual hours of labour generally exceed the field 233 

machine time because of maintenance and travel time. Therefore, we calculated the labour costs 234 

by multiplying the number of hours that the machine is used to perform a certain agricultural 235 

operation by 1.1, as suggested by Edwards [29] and as applied in earlier studies assessing the 236 

economic performance of bioenergy crops [30]. 237 

For the analysis from the farmer’s viewpoint, we also took into account the farm machinery costs 238 

allocated to the different agricultural operations based upon the operation rate, which we 239 

measured at the POPFULL plantation (Table 4). We assumed the use of modern agricultural 240 

machinery for the cultivation of poplar SRWCs. Although there are several differences in 241 

agricultural practices between the USA and Europe, we have used the recommendation of the 242 

American Agricultural Economics Association (AAEA) for the calculation of the maintenance 243 

costs of the agriculture equipment, as there were no reliable European data and recommendations 244 

available. We used the following formula for these calculations Eq. 4 [31]: 245 

                    

with R = accumulated repair and maintenance costs (€); RF1 = repair factor 1; RF2 = repair 246 

factor 2; PP = purchase price (€); h = accumulated machine use at the end of the lifetime (h). 247 
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For the calculation of the diesel consumption, however, we have not used the standardized 248 

methodology suggested by the AAEA, where the fuel use is calculated as a fixed fraction of the 249 

maximum power of the considered tractor. Alternatively, we have used the real fuel consumption 250 

rates (see Table 4), which differed depending on the operation performed, gained from the 251 

operational POPFULL plantation. Table 4 provides an overview of the costs of the agricultural 252 

machinery used for the cultivation of SRWCs. 253 

3.3. Scenario 2 - Investor in SRWCs 254 

In this scenario a company or an investor interested in cultivating energy crops to produce 255 

biomass chips rents land and appoints one or several contractors to carry out all the work at the 256 

plantation. This includes soil tillage, weed control, harvest and fertilizer application (if any). As a 257 

consequence, we did not estimate the operation cost of the machinery (as we did in the farmers 258 

scenario), but we based our analysis on prices provided by Belgian contractors that submitted a 259 

tender for a contract in the framework of the POPFULL plantation for which we invited tenders. 260 

Table 5 provides an overview of the range of rates that Belgian contractors charged for the 261 

different operations required for a SRWC plantation, showing considerable differences in 262 

charged rates among contractors.  263 

 264 

4. Results and discussion 265 

4.1. Base case scenario 1 - Mechanization by the farmer  266 

Under the base case conditions the investment in the plantation was profitable for a farmer after 267 

21 years (Fig. 2). This profit, however, was rather limited and amounted to 229 € ha-1
 or 16.3 € 268 

ha
-1

 y
-1

. The break-even dry matter price for biomass chips at the farm gate was 78.4 € Mg-1
. The 269 
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harvesting costs made up 45% of the total discounted cultivation costs, while the general costs 270 

including land rent and overhead costs accounted for 37% of these costs. Establishment costs 271 

only contributed to the total costs for 16%, whereas maintenance costs barely made up 2% of the 272 

total discounted costs. This low share of the maintenance costs resulted logically from the 273 

assumption of little maintenance and no fertilization. 274 

4.2. Base case scenario 2  - Investor in SRWCs 275 

As opposed to the farmer’s viewpoint, the cultivation of SRWCs was not profitable from an 276 

investor’s viewpoint considering the base case assumptions. The NPV equalled -485€ ha-1
 over 277 

the lifetime of 21 years and the EAV was -34.6 € ha-1
 y

-1
, while the required dry matter price for 278 

the woody biomass chips to reach a break-even amounted to 83.5 € Mg-1
 (Fig. 2). The 279 

contributions of the harvesting (42%) and general costs (35%) to the total discounted costs were 280 

lower than in the farmer’s scenario, while the shares of the establishment costs (20%) and the 281 

maintenance costs (3%) were slightly higher. This is due to the higher costs for agricultural 282 

operations if the establishment and maintenance are subcontracted as compared to the farmer’s 283 

own mechanization and labour. 284 

4.3. Scenario analyses 285 

A number of assumptions were made to calculate the financial balance of SRWCs in Belgium. To 286 

assess the impact of the most uncertain assumptions on the profitability of these energy crops, we 287 

carried out a number of sensitivity and scenario analyses. The results of these analyses are 288 

summarized below.  289 

4.3.1. Biomass yield 290 
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The biomass yield is a crucial parameter in the financial performance of the SRWC plantation. In 291 

the base case scenario we assumed a dry matter yield of 12 Mg ha
-1 

y
-1

, which corresponds to the 292 

average values for poplar trees in a coppice culture under temperate European conditions, ranging 293 

from 10 Mg ha
-1

 y
-1

 to 15 Mg ha
-1

 y
-1 

[32-35]. Given the assumption that the SRWCs are planted 294 

on fertile agricultural land in Belgium (Stijn Overloop, Flemish Environment Agency; personal 295 

communication) and since breeding and selection programs to improve the yield and to decrease 296 

the susceptibility to rust and diseases are ongoing, there is a significant potential for yield 297 

improvements. Dry matter yields between 20 Mg ha
-1

 y
-1

 and 25 Mg ha
-1

 y
-1

 have been reported 298 

under optimal conditions [36,37]. These yield potentials are also backed by process-based models, 299 

accounting for the climatic conditions of Belgium, under the assumption that water and nutrients are not 300 

limiting and given that the SRWCs are established on soils with high agronomic potentials [38]. Biomass 301 

yields during the first rotation period, however, are significantly lower due to the plant’s 302 

investment in root growth during early development [11,39]. For our calculations, we assumed a 303 

dry matter yield of 4 Mg ha
-1 

y
-1

, which is the first rotation yield we measured on our POPFULL 304 

plantation. 305 

The yield of SRWCs depends on both environmental variables (soil fertility, climate conditions, 306 

pathogen infections, etc.), and plantation management (weed control, fertilization scheme, etc.). 307 

Therefore, we performed a sensitivity analysis to assess the impact of a wide range of possible 308 

yield figures on the profitability of the plantation. We found that for both the farmer’s and the 309 

investor’s scenario, a dry matter yield of 11-13 Mg ha
-1

 y
-1

 is required to reach the break-even 310 

point (Fig. 3). An increase in the biomass yield by only 25% (from 12 Mg ha
-1

 y
-1

 to 15 Mg ha
-1

 311 

y
-1

) would trigger a more than fivefold increase in the NPV over the lifetime, while decreasing 312 

the LC by 22%. The major impact on the NPV is explained by the twofold impact of the yield on 313 
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both the costs and benefits. All the agricultural operations were charged per hectare, as a result of 314 

which the increased yield decreased the costs per unit of biomass while increasing sales revenues. 315 

The only costs of agricultural operations which could possibly increase with increasing biomass 316 

yield are the harvest costs. However, in our base case scenario, this is not the case as the 317 

harvesting was put out to subcontractors who charged a cost per hectare (see Section ‘Harvesting 318 

options’). As the LC only took into account the costs of the plantation, the yield impact on this 319 

metric was moderate.  320 

4.3.2. Land costs 321 

In Belgium farmers can lease land at reasonable rates for a minimum period of nine years, 322 

whereas non-farmers rent land at higher prices. The rental prices for farmers are limited by law 323 

and are calculated by multiplying the (non-indexed) cadastral income of the plot with a ‘tenancy 324 

coefficient’. This coefficient is determined per agricultural region by the provincial rental price 325 

commission every three years [40].  There is, however, no correlation between the soil type and 326 

the rent, as the region and the scarcity of (agricultural) land are the major variables determining 327 

the rental price. Due to the more limited availability of suitable agricultural land in Flanders, land 328 

rent is higher in the Flemish (Northern) region as compared to the Walloon (Southern) region, 329 

averaging 273 € ha-1
 y

-1 and 202 € ha-1
 y

-1 
respectively [41]. 330 

The land rent has a major impact on the profitability of the project. In our base case scenario we 331 

assumed a land cost of 250 € ha-1
 y

-1 
which is approximately the average long-term rental price 332 

for agricultural land in Belgium. An increase in this land rent by only 15 € ha-1
 y

-1
 would render 333 

the production of SRWCs unprofitable under the base case conditions for the farmer, whereas a 334 
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decrease in the base case land rent by at least 31 € ha-1
 y

-1
 is required to make the investment in 335 

SRWCs profitable from the investor’s viewpoint (Fig. 4).  336 

An investor, however, is not able to rent land at this low rate and is obliged to enter into a 337 

contract for a short-term rental, with much higher prices. Short-term rental prices for fertile 338 

agricultural land in Flanders start at 750 € ha-1
 y

-1 
up to 1300 € ha-1

 y
-1

, which are roughly the 339 

annual revenues when the farmer decides to grow corn or wheat instead of renting his land 340 

[42,43]. With such high land costs, it is clear that the cultivation of SRWCs for energy purposes 341 

cannot be profitable without considerable government incentives and/or considerable increases in 342 

the biomass sales price in Belgium from an investor’s point of view. Although this is a firm 343 

conclusion of our analysis for Belgium, it cannot be extrapolated to all European countries. 344 

Recent studies [11,44] have shown that in other countries such as Poland and Spain it is 345 

economically feasible to establish and manage SRWC plantations to produce bioenergy. 346 

Furthermore, Sweden has many district heating facilities that (partly) rely on biomass from 347 

willow SRWCs of which the Enköping combined heat and power plant is a world-famous model 348 

for a successful enterprise using SRWCs [45]. 349 

 350 

4.3.3. Discount rate 351 

As can be seen from Fig. 5, the NPV varied inversely with the discount rate, showing a 352 

decreasing sensitivity of the NPV to the discount rate with increasing discount rates. The LC, 353 

however, was more or less linearly correlated with the discount rate and showed a lower 354 

sensitivity than the NPV. An increase in the discount rate by 1% y
-1

 increased the LC by 2.75% 355 

on average (Fig. 5). The discount rate reflects the risk an investor or a farmer attributes to the 356 

cultivation of SRWCs, and the minimum required return on investment given this risk. This risk 357 
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assessment is subjective, making the estimation of the appropriate discount rate not 358 

straightforward.  359 

4.3.4. Harvesting options 360 

Three harvesting alternatives were considered in this study, which were demonstrated at our 361 

operational POPFULL site. These harvesting machines are different in terms of the economics, 362 

the form of the harvested biomass delivered and the impact of the machines on the soil:  363 

1) A self-propelled combined harvest-chipping machine of New Holland was used which 364 

produces chips while harvesting, decreasing the number of operations needed to produce 365 

the desired energy carrier. The major disadvantages of this machine are its weight – 13.5 366 

Mg – and the fact that the machine is operated on tires instead of on tracks. This is not a 367 

problem as such on dry or frozen soil. The latter, however, is very unlikely to happen in 368 

the normal harvesting period, under Belgian climatic conditions. On wet soil, however, 369 

this heavy equipment causes a major compaction of the soil and forms deep ruts in the 370 

field, with a pernicious influence on the resprouting of the poplar trees.  371 

2) A pull-type combined harvest-chipping machine from the Danish company Ny Vraa, 372 

combined with a tractor on tracks and an attached trailer specially designed for the 373 

efficient collection and unloading of biomass chips was used to harvest the willows at the 374 

POPFULL site. The advantage of this machine is its relatively low weight, both the 375 

harvester and the trailer weigh approximately 2 Mg each, in combination with tracks on 376 

both the tractor and the trailer, protecting the soil against compaction and rutting. The 377 

harvester, however, is not able to harvest trees with a diameter of more than 6 cm, which 378 
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makes its usability in a poplar SRWC plantation rather limited (Henrik Bach, Ny Vraa 379 

Bioenergy I/S; personal communication). 380 

3) A pull-type stem harvester from the Danish company Nordic Biomass, combined with a 381 

tractor on tracks was used to harvest the poplar trees at the POPFULL site. This harvester 382 

cuts the entire trees and puts the stems on the trailer with a built-in offloading system. 383 

Thanks to the tracks of both the tractor and the trailer, the impact on the soil is limited. 384 

One disadvantage of this harvesting system, however, is the necessary post-harvest 385 

chipping. When biomass chips are to be delivered, this requires additional processing of 386 

the stems to biomass chips and consequently additional costs.  387 

An additional disadvantage of the two last mentioned Danish harvesters, as compared to the New 388 

Holland machine, is their unavailability in Belgium and its neighbouring countries. This means 389 

that the transportation costs for these Danish-based harvesters were much higher than for the 390 

New Holland harvester, which is available in Belgium (Table 6).  391 

Although common sense suggests that the operation rate (measured in h ha
-1

) of the harvesting 392 

machines is dependent on the biomass yield as a higher yield would necessitate additional and 393 

more frequent offloading, we assumed a constant operation rate for the different machines 394 

irrespective of the assumed yield. This simplified assumption is due to the lack of reliable data 395 

concerning the correlation between yield and operation rate of the harvesting systems. The only 396 

data on the relation between the performance of the SRWC harvesting machines and the biomass 397 

yield date from 1998 and are not applicable to the newly developed and contemporary harvesters 398 

discussed in this paper [46]. Furthermore, in our analysis the harvest was subcontracted based on 399 

a rate per ha justifying a constant harvesting cost per ha, both in the farmer’s and investor’s 400 

scenario. This assumption implies that the harvesting cost per unit of biomass is inversely 401 
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correlated with the yield, which is in line with the earlier findings of the study of Mitchell et al. 402 

[46].  403 

Table 6 provides an overview of the harvest costs for the different harvesters, while Fig. 6 depicts 404 

the NPV and the LC of the different harvesting options. The lower operation costs of the Danish 405 

companies outweighed the high transportation costs if an area of 18 ha was considered (Fig. 6). A 406 

site of at least 10 ha is required to balance the harvesting costs of the Ny Vraa harvester with the 407 

New Holland harvester. If the land area is smaller than 10 ha, however, the Danish Ny Vraa 408 

harvester becomes more expensive than the Belgian based harvester. The Nordic Biomass stem 409 

harvester seemed the most favourable harvesting option (Fig. 6), but could not be compared 410 

straightforwardly with the other harvesters, as post-harvest chipping operations were required to 411 

deliver the same final product (i.e. woody biomass chips). The costs of this chipping operation 412 

were 552 € ha-1
 per harvest assuming a dry matter yield of 12 Mg ha

-1
 y

-1
 and a 50% moisture 413 

content (m.c.). If we add up this value to the harvesting costs of the stem harvester (Table 6), this 414 

yields 952 € ha-1
, which is slightly higher than the costs of Belgian based cut-and-chipper, 415 

making the stem harvester the least interesting harvesting option taking into account the higher 416 

transportation costs for this machine. 417 

4.3.5. Transportation costs 418 

To analyse the impact of the transportation of biomass chips on the profitability of SRWCs, we 419 

also performed a cradle to plant gate assessment, where the transportation to the power plant is 420 

included. In this scenario, we assumed that both the farmer and investor outsource the 421 

transportation to the power plant, as a truck and trailer are excessively expensive to be owned and 422 

used by a single farmer. Table 7 summarizes the assumptions and the input data for the 423 
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calculation of the transportation costs of the woody biomass chips. We assume an hourly cost of 424 

55 € h-1
 for the transportation of the woody chips including diesel consumption and labour, in line 425 

with our experience at the POPFULL plantation and also in line with a study of NEA reporting 426 

costs of 55.66 € h-1
 for the transportation of bulk goods [47]. Furthermore, we assume that the 427 

truck returns to the farm unloaded, incurring an extra hourly cost for the return trip. Based on the 428 

assumption in Table 7, we calculated that the transportation to the power plant increased the 429 

levelized cost by 15.1 € odt-1
, from both the investor’s and the farmer’s point of view. This 430 

reflects an increase in the levelized costs by 18-19% as compared to the cradle to farm gate 431 

assessments depicted in the base case scenario. If a cradle to plant gate assessment was 432 

considered, harvest and transportation costs made up almost 51% of the total discounted costs 433 

investor’s scenario and more than 54% in the farmer’s scenario. 434 

4.3.6. Management activities 435 

As there is still a lot of discussion with regard to the optimal management of a SRWC plantation 436 

[48,49], the POPFINUA model allows the adjustment of several management parameters, i.e. 437 

rotation length, number of rotations, plantation lifetime, application of fertilizers at the 438 

establishment and/or after each harvest, number and method of herbicide treatment. For the sake 439 

of simplification, we assumed that a given operation is carried out in the same way and with the 440 

same equipment throughout the entire lifetime of the plantation. In the base case scenario, we 441 

assumed that no management (i.e. weed control or fertilization) was necessary except for initial 442 

weed control at the establishment. Obviously this is the best-case scenario, as in reality weeding 443 

and/or fertilizing after coppicing (on nutrient-poor soils) are often required to guarantee a 444 

satisfying productivity of the SRWC plantation [7]. Since SRWCs in general and poplars in 445 

particular are light-demanding crops, weed management in a SRWC plantation is especially 446 
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crucial during the establishment period, and –in a lesser extent– after every harvest [7,50]. On the 447 

POPFULL plantation, intensive weed control –mechanical, chemical, and manual– was applied 448 

during the first two year after planting to decrease competition for light and nutrients. A more 449 

detailed overview of all the weed treatments that have taken place in the first two years after the 450 

establishment of the plantation was provided earlier by Broeckx et al. [20]. 451 

 452 

If we only assumed the necessity of additional mechanical weed control after each harvest, the 453 

levelized cost would increase by more than 2 € Mg-1
 to 80.6 € Mg-1

 in the farmer’s scenario and 454 

the NPV would become negative, switching the investment from profitable to loss-making under 455 

the base case conditions. This analysis clearly demonstrates the financial risk involved in the 456 

cultivation of SRWCs for bioenergy, as the application of an additional mechanical weed 457 

treatment after each harvest would render the plantation loss-making under the base case 458 

conditions. 459 

4.3.7. Establishment grants and annual incentives 460 

As expected, the NPV was linearly correlated with the level of establishment grant and the level 461 

of annual incentives, but with a different sensitivity level. The NPV was 15.6 times more 462 

sensitive to an increase in the establishment grants as compared to a nominally equal increase in 463 

annual incentives, considering a plantation lifetime of 21 years. This is due to the fact that an 464 

establishment grant is only granted once, at the establishment of the plantation, whereas an 465 

annual incentive was defined as an annual subsidy per land area. An establishment grant of at 466 

least 500 € ha-1 or an annual area subsidy of at least 32 € ha-1
 y

-1
 was required to render the 467 

investor’s scenario profitable under the base case assumptions (Figs. 7-8). Although subsidies 468 

have a major impact on the profitability of a SRWC plantation and consequently on the adoption 469 
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of these energy crops by farmers (and investors), they are only justified if the life-cycle 470 

environmental performance of SRWCs for bioenergy is better than the alternatives [5,51]. As a 471 

consequence, an accurate quantification of the ecological benefits of SRWCs as compared to 472 

fossil fuels is required to work out a clear incentive program. 473 

4.3.8. Biomass price 474 

A farm gate price for the harvested biomass chips (50% m.c.) of at least 39.2 € Mg-1
 and 41.7 € 475 

Mg
-1

 for the farmer and the investor respectively, was required to reach the break-even point 476 

using the base case scenario inputs (Fig. 9). An increase in the biomass price by only 1 € Mg-1
 477 

would increase the NPV by 280 € ha-1 and the EAV by 20 € ha-1
 y

-1 
(Fig. 9). This illustrates that 478 

both the NPV and the EAV were highly sensitive to changing biomass prices. Throughout the 479 

POPFULL project, in which we have established an operational SRWC plantation, we have discovered 480 

that there is no stable national market for biomass (chips) in Belgium yet. As a consequence, wet 481 

biomass prices offered by local individual buyers fluctuated between 20 € Mg-1
 and 30 € Mg-1

 482 

turning the cultivation of SRWCs into a loss-making investment (Kristof Mouton, Wood Energy 483 

bvba; personal communication). This shows that it is essential to establish a long-term stable 484 

market for biomass (chips), as a well-functioning and sufficiently valuable market is a pre-485 

requisite for a widespread deployment of SRWCs for bioenergy [9,52,53]. 486 

 487 

5. Conclusions 488 

This study described the influence of a number of key variables on the profitability of SRWCs in 489 

Belgium, making use of a newly developed model POPFINUA, and highlighted a number of 490 

barriers to the widespread adoption of SRWCs by Belgian farmers. In order to convince farmers 491 
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to establish SRWC plantations, several conditions should be fulfilled. First of all, SRWCs should 492 

be at least as profitable (with or without government incentives) as traditional agricultural crops, 493 

such as corn [18]. Secondly, there should be a well-performing market for the produced woody 494 

biomass chips [52,53]. Thirdly, the farmer should be confident that the equipment to plant, 495 

cultivate (e.g. specially designed line cultivators for energy crops) and harvest the energy crops is 496 

available within a reasonable distance. This study shows that none of these conditions are met in 497 

Belgium at present. The cultivation of SRWCs is only financially feasible if a number of strict 498 

conditions regarding the biomass yield, biomass sales price and management activities are met 499 

and only when a farmer uses his own agricultural machines to plant and maintain the plantation. 500 

Moreover, this profit is very limited as the NPV equals 232 € ha-1
 over the entire lifetime of 21 501 

years for the farmer’s best-case scenario, whereas a farmer can earn up to 1300 € ha-1
 y

-1
 by 502 

planting an annual crop, such as corn. Our calculations showed that the farmer faces a very high 503 

financial risk if the crop is infested with diseases or insects or becomes overgrown with weeds, as 504 

this would require additional herbicide and/or pesticide applications switching the SRWC culture 505 

from profitable to loss-making. The inclusion of transportation by truck over a distance of 50 km 506 

increased the LC by 18-19% increasing the share of harvest and transportation costs in the total 507 

discounted costs by 9% from 45% to 54% (farmer’s viewpoint) and from 42% to 51% (investor’s 508 

viewpoint). Establishment grants could decrease the (initial) investment risk associated with the 509 

cultivation of SRWCs, but are only advisable if steps are taken to establish a market for the 510 

produced woody biomass chips and if the environmental benefits of SRWCs as compared to 511 

alternatives justify these subsidies.  By inciting power plants to enter into long-term contracts 512 

with SRWC farmers for the delivery of woody biomass chips, the establishment of a market for 513 

biomass chips can be accelerated, as suggested by Helby et al. [52]. With regard to the life-cycle 514 

environmental impact of SRWCs, however, a thorough analysis is required as a recent study of 515 
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Njakou Djomo et al. [5] has shown that there is still a lot of uncertainty regarding the 516 

environmental costs and benefits of SRWCs. This study revealed a wide variation in the GHG 517 

emission of SRWCs found in literature, reporting values from 9 to 161 times lower than the GHG 518 

emissions of coal. To reduce this variability in numerical results, the authors emphasize the need 519 

for a standardized and widely accepted framework for a reliable assessment of the environmental 520 

impact of SRWCs. 521 
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Table captions 533 

Table 1 Summary of the general and the base case scenario assumptions of the POPFINUA model simulations of 534 
this study 535 

Table 2 Site characteristics and climate conditions of the operational short rotation woody crop plantation in 536 
Lochristi, BE, this plantation provides input data for the POPFINUA model 537 

Table 3 Overview of cost items for the cultivation of short rotation woody crops for bioenergy during an assumed 538 
lifetime of 21 years with 3-year rotations [7,12,54] 539 

Table 4 Overview of the costs and characteristics of agricultural equipment used for the cultivation of short rotation 540 
woody crops [30,31,55] (Kristof Mouton, Groep Mouton bvba; personal communication); (Marc Verhoest, Verhoest 541 
Marc bvba; personal communication) 542 

Table 5 Overview of the costs for different agricultural operations for the cultivation of short rotation woody crops 543 
carried out by a Belgian contractor 544 

Table 6 Summary of the costs and working capacity of three different harvesting options applied on the POPFULL 545 
site 546 

Table 7 Summary of input data for the calculation of the transportation costs of woody biomass chips with a truck 547 
over a distance of 50 km [47,56] 548 
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Figure captions 549 

Fig. 1 Schematic flow-chart of the POPFINUA model for the simulation/calculation of the financial balance of a 550 

short rotation woody crop plantation for bioenergy, the dotted lines with an arrow show which cost factors are 551 

required to calculate the full economic cost of the various agricultural operations 552 

Fig. 2 Simulated discounted yearly cash flows and accumulated discounted cash flow for farmer’s (top panel) and 553 

investor’s (bottom panel) base scenarios for a short rotation woody crop plantation with a three-year rotation and a 554 

total lifetime of 21 years 555 

Fig. 3 Results of the sensitivity analysis showing the impact of biomass yield on the net present value (NPV) and the 556 
levelized cost (LC) per oven-dried ton (odt) of a short rotation coppice culture from the POPFINUA model runs, the 557 
two viewpoints, farmer (top panel) and investor (bottom panel) are shown 558 

Fig. 4 Results of the sensitivity analysis showing the impact of land costs on the net present value (NPV) and the 559 

levelized cost (LC) per oven-dried ton (odt) of a short rotation coppice culture from the POPFINUA model runs, the 560 

two viewpoints, farmer (top panel) and investor (bottom panel) are shown 561 

Fig. 5 Results of the sensitivity analysis showing the impact of the discount rate on the net present value (NPV) and 562 
the levelized cost (LC) of a short rotation coppice culture from the POPFINUA model runs, the two viewpoints, 563 
farmer (top panel) and investor (bottom panel) are shown 564 

Fig. 6 Results of the simulation runs of the POPFINUA model with different harvesting options, the diagram 565 
illustrates the impact of the harvesting strategy on the net present value (NPV) and the levelized cost (LC) per oven-566 
dried ton (odt) from a farmer’s viewpoint, the three studied harvesters include one self-propelled cut-and-chipper 567 
(New Holland), one tractor-pulled cut-and-chipper (Ny Vraa) and one tractor-pulled whole-stem harvester (Nordic 568 
biomass) 569 

Fig. 7 Results of the sensitivity analysis showing the impact of the establishment grant on the net present value 570 
(NPV) and the levelized cost (LC) per oven-dried ton (odt) of a short rotation coppice culture from the POPFINUA 571 
model runs, the two viewpoints, farmer (top panel) and investor (bottom panel) are shown 572 

Fig. 8 Results of the sensitivity analysis showing the impact of the annual incentives on the net present value (NPV) 573 
and the levelized cost (LC) per oven-dried ton (odt) of a short rotation coppice culture from the POPFINUA model 574 
runs, the two viewpoints, farmer (top panel) and investor (bottom panel) are shown 575 

Fig. 9 Results of the sensitivity analysis showing the impact of the biomass price on the net present value (NPV) of a 576 
short rotation coppice culture from the POPFINUA model runs, the two viewpoints (farmer and investor) are shown 577 

  578 



28 

 

  579 



29 

 

References 580 

1. Dubuisson X, Sintzoff I (1998) Energy and CO2 balances in different power generation routes using 581 

wood fuel from short rotation coppice. Biomass Bioenerg 15 (4-5):379-390 582 

2. European Commission (2008) 20 20 by 2020 - Europe's climate change opportunity. 583 

http://www.energy.eu/directives/com2008_0030en01.pdf. Accessed 20 Dec 2011 584 

3. European Commission (2006) Renewable Energy Road Map - Renewable energies in the 21st century: 585 

building a more sustainable future. http://eur-586 

lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2006:0848:FIN:EN:PDF. Accessed 20 Dec 2011 587 

4. European Commission (2007) An energy policy for Europe. 588 

http://ec.europa.eu/energy/energy_policy/doc/01_energy_policy_for_europe_en.pdf. Accesed 21 Dec 589 

2011 590 

5. Djomo SN, El Kasmioui O, Ceulemans R (2011) Energy and greenhouse gas balance of bioenergy 591 

production from poplar and willow: a review. Gcb Bioenergy 3 (3):181-197. doi:10.1111/j.1757-592 

1707.2010.01073.x 593 

6. De Cuyper B (2008) Poplar breeding programme in Flanders, Belgium. In: Pâques LE (ed) TREEBREEDEX 594 

Activity n°5. INRA, Orléans, pp 3-4 595 

7. Dillen SY, El Kasmioui O, Marron N, Calfapietra C, Ceulemans R (2011) Poplar. In: Halford NG, Karp A 596 

(eds) Energy crops. Royal Society of Chemistry, Cambridge, pp 275-300 597 

8. Bradshaw HD, Ceulemans R, Davis J, Stettler R (2000) Emerging model systems in plant biology: Poplar 598 

(Populus) as a model forest tree. J Plant Growth Regul 19 (3):306-313 599 

9. Mitchell CP, Stevens EA, Watters MP (1999) Short-rotation forestry - operations, productivity and 600 

costs based on experience gained in the UK. Forest Ecol Manag 121 (1-2):123-136 601 

10. Styles D, Thorne F, Jones MB (2008) Energy crops in Ireland: An economic comparison of willow and 602 

Miscanthus production with conventional farming systems. Biomass Bioenerg 32 (5):407-421. 603 

doi:10.1016/j.biombioe.2007.10.012 604 

11. Ericsson K, Rosenqvist H, Ganko E, Pisarek M, Nilsson L (2006) An agro-economic analysis of willow 605 

cultivation in Poland. Biomass Bioenerg 30 (1):16-27. doi:10.1016/j.biombioe.2005.09.002 606 

12. Buchholz T, Volk TA (2011) Improving the Profitability of Willow Crops-Identifying Opportunities with 607 

a Crop Budget Model. Bioenerg Res 4 (2):85-95. doi:10.1007/s12155-010-9103-5 608 

13. Ceulemans R, McDonald AJS, Pereira JS (1996) A comparison among eucalypt, poplar and willow 609 

characteristics with particular reference to a coppice, growth-modelling approach. Biomass Bioenerg 11 610 

(2-3):215-231 611 

14. Rosenqvist H (1997) Willow cultivation - methods of calculation and profitability. PhD thesis, Swedish 612 

University of Agricultural Sciences (SLU), Uppsala, SE 613 

15. Global Bioenergy Partnership (2010) Analytical tools to assess and unlock sustainable bioenergy 614 

potential. http://www.globalbioenergy.org/uploads/media/1005_GBEP_-615 

_Bioenergy_analytical_tools.pdf. Accessed 16 Mar 2012 616 

16. Vandenhove H, Thiry Y, Gommers A, Goor F, Jossart J-M, Holm E, Gäfvert T, Roed J (1999) RECOVER - 617 

Relevance of short rotation coppice vegetation for the remediation of contaminated areas. SCK-CEN, 618 

Mol, BE 619 

17. Madlener R, Myles H (2000) Modelling socio-economic aspects of bioenergy systems: A survey 620 

prepared for IEA Bioenergy Task 29. IEA Bioenergy. 621 

http://www.task29.net/assets/files/reports/Madlener_Myles.pdf. Accessed 14 Mar 2012 622 

18. Goor F, Jossart JM, Ledent JF (2000) ECOP: an economic model to assess the willow short rotation 623 

coppice global profitability in a case of small scale gasification pathway in Belgium. Environ Modell Softw 624 

15 (3):279-292 625 



30 

 

19. Bell J, Booth E, Ballingall M (2007) Commercial viability of alternative non food crops and biomass on 626 

Scottish Farms - a special study supported und SEERAD Advisory Activity 211. Scottish Agricultural 627 

College (SAC), Midlothian, UK 628 

20. Broeckx LS, Verlinden MS, Ceulemans R (2012) Establishment and two-year growth of a bio-energy 629 

plantation with fast-growing Populus trees in Flanders (Belgium): Effect of genotype and former land use. 630 

Biomass Bioenerg 42:151-163. doi:10.1016/j.biombioe.2012.03.005 631 

21. European Commission (2012) Reference and discount rate (in %) since 01.08.1997.  632 

http://ec.europa.eu/competition/state_aid/legislation/reference_rates.html. Accessed 5 May 2012 633 

22. Al Afas N, Marron N, Van Dongen S, Laureysens I, Ceulemans R (2008) Dynamics of biomass 634 

production in a poplar coppice culture over three rotations (11 years). Forest Ecol Manag 255 (5-6):1883-635 

1891. doi:10.1016/j.foreco.2007.12.010 636 

23. Dillen SY, Vanbeveren S, Al Afas N, Laureysens I, Croes S, Ceulemans R (2011) Biomass production on 637 

a 15-year-old poplar short-rotation coppice culture in Belgium. Aspects of Applied Biology (112):99-106 638 

24. Pearson CH, Halvorson AD, Moench RD, Hammon RW (2010) Production of hybrid poplar under 639 

short-term, intensive culture in Western Colorado. Ind Crop Prod 31 (3):492-498. doi: 640 

10.1016/j.indcrop.2010.01.011 641 

25. Meiresonne L, De Schrijver A, De Vos B (2007) Nutrient cycling in a poplar plantation (Populus 642 

trichocarpa x Populus deltoides 'Beaupre') on former agricultural land in northern Belgium. Can J Forest 643 

Res 37 (1):141-155. doi:10.1139/X06-205 644 

26. Wang JR, Zhong AL, Comeau P, Tsze M, Kimmins JP (1995) Aboveground Biomass and Nutrient 645 

Accumulation in an Age Sequence of Aspen (Populus-Tremuloides) Stands in the Boreal White and Black 646 

Spruce Zone, British-Columbia. Forest Ecol Manag 78 (1-3):127-138 647 

27. Rosenqvist H, Dawson M (2005) Economics of willow growing in Northern Ireland. Biomass Bioenerg 648 

28 (1):7-14. doi:10.1016/j.biombioe.2004.03.001 649 

28. Eurostat (2011) Labour cost structural statistics. 650 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Labour_cost_structural_statistics. 651 

Accessed 20 Mar 2012 652 

29. Edwards WM (2009) Machinery management: Estimating farm machinery costs. Iowa State 653 

University , Extension Service, Ames, Iowa, USA 654 

30. Smeets EMW, Lewandowski IM, Faaij APC (2009) The economical and environmental performance of 655 

miscanthus and switchgrass production and supply chains in a European setting. Renew Sust Energ Rev 656 

13 (6-7):1230-1245. doi:10.1016/j.rser.2008.09.006 657 

31. American Agricultural Economics Association (2000) Commodity costs and returns estimation 658 

handbook. AAEA Task Force on Commodity Costs and Returns, Amnes, Iowa 659 

32. Paris P, Mareschi L, Sabatti M, Pisanelli A, Ecosse A, Nardin F, Scarascia-Mugnozza G (2011) 660 

Comparing hybrid Populus clones for SRF across northern Italy after two biennial rotations: Survival, 661 

growth and yield. Biomass Bioenerg 35 (4):1524-1532. doi:10.1016/j.biombioe.2010.12.050 662 

33. Pontailler JY, Ceulemans R, Guittet J (1999) Biomass yield of poplar after five 2-year coppice 663 

rotations. Forestry 72 (2):157-163 664 

34. Laureysens I, Bogaert J, Blust R, Ceulemans R (2004) Biomass production of 17 poplar clones in a 665 

short-rotation coppice culture on a waste disposal site and its relation to soil characteristics. Forest Ecol 666 

Manag 187 (2-3):295-309. doi:10.1016/j.foreco.2003.07.005 667 

35. Labrecque M, Teodorescu TI (2005) Field performance and biomass production of 12 willow and 668 

poplar clones in short-rotation coppice in southern Quebec (Canada). Biomass Bioenerg 29 (1):1-9. 669 

doi:10.1016/j.biombioe.2004.12.004 670 

36. ScarasciaMugnozza GE, Ceulemans R, Heilman PE, Isebrands JG, Stettler RF, Hinckley TM (1997) 671 

Production physiology and morphology of Populus species and their hybrids grown under short rotation 672 



31 

 

.2. Biomass components and harvest index of hybrid and parental species clones. Can J Forest Res 27 673 

(3):285-294 674 

37. Heilman PE, Ekuan G, Fogle D (1994) Aboveground and Belowground Biomass and Fine Roots of 4-675 

Year-Old Hybrids of Populus-Trichocarpa X Populus-Deltoides and Parental Species in Short-Rotation 676 

Culture. Can J Forest Res 24 (6):1186-1192 677 

38. Deckmyn G, Laureysens I, Garcia J, Muys B, Ceulemans R (2004) Poplar growth and yield in short 678 

rotation coppice: model simulations using the process model SECRETS. Biomass Bioenerg 26 (3):221-227. 679 

doi: 10.1016/S0961-9534(03)00121-1 680 

39. Deraedt W, Ceulemans R (1998) Clonal variability in biomass production and conversion efficiency of 681 

poplar during the establishment year of a short rotation coppice plantation. Biomass Bioenerg 15 (4-682 

5):391-398 683 

40. Flemish Ministry of Agriculture and Fishery (2008) How is the lease price for leased land and buildings 684 

calculated (in Dutch)? http://lv.vlaanderen.be/nlapps/docs/default.asp?id=1013. Accessed 25 Jan 2012 685 

41. Directorate General of Statistics and Economic Information (2011) Lease in agriculture (in Dutch). 686 

http://statbel.fgov.be/nl/statistieken/cijfers/economie/landbouw/financieel/pacht/. Accessed 26 Jan 687 

2012 688 

42. De Becker R, D'hooghe J, Mortier P (2009) Flemish gross standard balance for crops and livestock 689 

(2000-2005) (in Dutch). Ministry of Agriculture and Fishery, department of Monitoring and Study, 690 

Brussels 691 

43. Witters N, Mendelsohn R, Van Passel S, Van Slycken S, Weyens N, Schreurs E, Meers E, Tack F, 692 

Vanheusden B, Vangronsveld J (2012) Phytoremediation, a sustainable remediation technology? II: 693 

Economic assessment of CO2 abatement through the use of phytoremediation crops for renewable 694 

energy production. Biomass Bioenerg 39:470-477. doi:10.1016/j.biombioe.2011.11.017 695 

44. Gasol CM, Martinez S, Rigola M, Rieradevall J, Anton A, Carrasco J, Ciria P, Gabarrell X (2009) 696 

Feasibility assessment of poplar bioenergy systems in the Southern Europe. Renew Sust Energ Rev 13 697 

(4):801-812. doi:10.1016/j.rser.2008.01.010 698 

45. Wright L (2006) Worldwide commercial development of bioenergy with a focus on energy crop-based 699 

projects. Biomass Bioenerg 30 (8-9):706-714. doi:10.1016/j.biombioe.2005.08.008 700 

46. Mitchell CP, Keeping DJ, Ramsay FJ, Angus-Hankin CM (1998) CHDSS - Coppice harvesting decision 701 

support system. Wood Supply Research Group, Forestry Department, University of Aberdeen, Aberdeen, 702 

UK 703 

47. NEA (2004) Factor costs of freight transport: an analysis of the development in time (in Dutch). NEA 704 

Transport research and education/Advisory service Traffic and Transport, Rijswijk, NL 705 

48. Bergante S, Facciotto G, Minotta G (2010) Identification of the main site factors and management 706 

intensity affecting the establishment of Short-Rotation-Coppices (SRC) in Northern Italy through stepwise 707 

regression analysis. Cent Eur J Biol 5 (4):522-530. doi:10.2478/s11535-010-0028-y 708 

49. Kauter D, Lewandowski I, Claupein W (2003) Quantity and quality of harvestable biomass from 709 

Populus short rotation coppice for solid fuel use - a review of the physiological basis and management 710 

influences. Biomass Bioenerg 24 (6):411-427 711 

50. Buhler DD, Netzer DA, Riemenschneider DE, Hartzler RG (1998) Weed management in short rotation 712 

poplar and herbaceous perennial crops grown for biofuel production. Biomass Bioenerg 14 (4):385-394 713 

51. Hill J, Nelson E, Tilman D, Polasky S, Tiffany D (2006) Environmental, economic, and energetic costs 714 

and benefits of biodiesel and ethanol biofuels. P Natl Acad Sci USA 103 (30):11206-11210. 715 

doi:10.1073/pnas.0604600103 716 

52. Helby P, Börjesson P, Hansen AC, Roos A, Rosenqvist H, Takeuchi L (2004) Market development 717 

problems for sustainable bio-energy systems in Sweden (the BIOMARK project). Lund University, Lund, 718 

SE 719 



32 

 

53. Ericsson K, Rosenqvist H, Nilsson LJ (2009) Energy crop production costs in the EU. Biomass Bioenerg 720 

33 (11):1577-1586. doi:10.1016/j.biombioe.2009.08.002 721 

54. Heller MC, Keoleian GA, Volk TA (2003) Life cycle assessment of a willow bioenergy cropping system. 722 

Biomass Bioenerg 25 (2):147-165. doi:10.1016/S0961-9534(02)00190-3 723 

55. Packo Agri NV (2011) Pricelist KUHN implements. Packo Agri NV, Zedelgem 724 

56. Serup H, Falster H, Gamborg C, Gundersen P, Hansen L, Heding N, Jakobson HH, Kofman P, Nikolaisen 725 

L, Thomsen IM (2002) Wood for energy production: technology – environment – economy. The Centre 726 

for Biomass Technology, Trøjborg, DK 727 

 728 



33 

 

Table 1 

General assumptions Unit Value 

Land area ha 18 

Percentage of headland % 20 

Planted area ha 14.5 

Assumed biomass increment - 1st harvest (dry matter) Mg ha-1 y-1 4 

Assumed biomass increment (dry matter) Mg ha-1 y-1 12 

Land rental, lease or opportunity costs € ha-1 y-1 250 

Discount rate % y-1 4 

Rotation length y 3 

Number of rotations  7 

Plantation lifetime y 21 

Fuel price € l-1 0.9 

Biomass sales price at 50% m.c. (farm gate) € Mg-1 40 

m.c. = moisture content 

 

Table 2 

Site characteristics   

 Latitude 51°06’44” N 

 Longitude 3°51’02” E 

 Elevation (above sea level) 6.25 m 

 Topography Flat 

 Vegetation Populus Spp. & Salix Spp. 

 Soil type Sandy with poor natural drainage 

Climate conditions Average annual temp. 9.5°C 

 Average annual precipitation 726 mm 
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Table 3 

Cost item/ 

plantation year 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Post-emergent 

herbicide 

Y                      

Soil preparation Y                      

Pre-emergent 

herbicide 

Y                      

Planting Y                      

Weed control  Y  (Y)   (Y)   (Y)   (Y)   (Y)   (Y)   (Y) 

Harvest    Y   Y   Y   Y   Y   Y   Y 

Fertilization n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Stump removal                       Y 

Land rent Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

General and 

overhead costs 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 

Y: included in the base case scenario; (Y): included in the scenario analysis; n.a.: not assessed 
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Table 4  1 

Machine Purchase 

price (k€) 
Use (h y

-1
) Lifetime 

(y) 

RF1 RF2 Maintenance 

costs (€ h-1
) 

Lubricant 

use (€ h-1
) 

Salvage 

value 

(k€) 

Fuel use 

(l h
-1

) 

Operation 

rate (h ha
-

1
) 

Combined 

tractor 

Tractor  - 160 HP 135 800 12 0.007 2.0 9.1 0.307 

 

36.45 n/a n/a  

Tractor - 360 HP 200 800 12 0.007 2.0 13.4 0.603 

 

54.0 n/a n/a  

Subsoiler 7.5 125 20 0.28 1.4 3.0 n/a 1.95 19.0 1.0 160 HP 

Plough 12 75 20 0.29 1.8 4.8 n/a 3.12 16.7 0.3 160 HP 

Harrow 9.5 100 20 0.27 1.4 3.4 n/a 1.52 18.3 0.2 160 HP 

Line cultivator 25 100 10 0.23 1.4 5.8 n/a 7.50 16.0 1.0 160 HP 

Leek planting 

machine 

12 150 10 0.32 2.1 6.0 n/a 4.80 6.1 0.9 160 HP 

Rotary cultivator 66 150 10 0.36 2.0 35.6 n/a 19.8 25.0 2.0 360 HP 

Spraying 

equipment 

20 200 10 0.41 1.3 10.1 n/a 16.0 16.7 0.3 160 HP 

Fertilizing 

equipment 

8 100 10 0.63 1.3 5.0 n/a 3.2 17.0 n.a 160 HP 

Trailer - 40m³ 44 800 10 0.19 1.3 15.6 n/a 11.4 20.0 n/a 160 HP 

HP: horse power; RF1: Repair factor 1; RF2: Repair factor 2; n/a: not applicable; n.a.: not assessed 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 
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Table 5 10 

Operation Price range (€ ha-1
) 

Post-emergent herbicide 140-220 

Pre-emergent herbicide 260-280 

Mole ploughing 120-180 

Ploughing  120-250 

Harrowing 110-240 

Planting 500-1000 

Mechanical weeding 120-300 

Fertilizing (300 kg N ha-1) 200-250 

Stump removal 550-1700 

 11 

 12 

Table 6 13 

Harvester Operation rate 

(h ha
-1

) 

Operation costs 

(€ ha-1
) 

Transportation costs  

(€) 
Costs * 

(€ odt-1
) 

Self-propelled cut-and-chipper 1.3 950 400 30.9 

Tractor pulled cut-and-chipper 1.7 600 3950 23.6 

Tractor pulled stem harvester 2.0 400 3950 18.0 

* The costs per oven-dried ton include the harvest operation costs and the harvester’s transportation costs and consider the base case scenario, 14 

based upon a planted area of 14.5 ha, a dry matter biomass yield of 12 Mg ha-1 y-1, and a rotation length of three years. 15 

 16 

 17 

 18 



37 

 

Table 7 19 

 Unit Value 

Average speed km h-1 48 

Hourly cost € h-1 55 

Distance km 50 

Woody chips density kg m-3 0.38 

Woody chips moisture content % 50 

Maximum load capacity Mg 27 

Maximum load volume m3 80 

Loading time h 0.25 

Unloading time h 0.16 
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Fig 3
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Fig 4
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Fig 5
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Fig 6 
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Fig 7 
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Fig 8 
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Fig 9

Biomass price (50% moisture content)
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