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Executive summary

A case based approach was followed, where optimal logistical concepts (conceptual
designs) were matched with the specific regional situation. This was done in three
logistical case studies that were performed:
1. Small-scale power production with straw and Miscanthus in the Burgundy
region (France);
2. Large-scale power production with straw and with residual woody biomass in
the Aragon region (Spain);
3. Advanced wood logistics in the Province of Central Finland.
Data on biomass availability and demand and quality specifications of the conversion
technology have been used in combination with data on logistical components and
concepts. These advanced regional case studies can be seen as an example for
other regions in the EU-27. This cover report is closely connected to three D3.4 + 3.6
Annex reports that describe the three individual regional case studies in much more
detail:
•
•
•
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Annex 1. Burgundy (France) (Annevelink et al., 2016b);
Annex 2. Aragón (Spain) (García Galindo et al., 2016) and;
Annex 3. Province of Central Finland (Väätäinen et al., 2016).
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1. Introduction

1.1 Aim of the logistical case studies
The logistical cases studies in WP3 follow the practical stepwise approach for the
design and implementation of optimal sustainable biomass delivery chains that was
described in D3.5 (Annevelink et al., 2016a). This logistical stepwise approach was
used as a basis for the development of a set of assessment tools within WP4. A case
based approach was followed, where optimal logistical concepts (conceptual
designs) were matched with the specific regional situation. This was done in three
logistical case studies that were performed in cooperation with WP9 ‘Regional
adaptation & application, user integration, testing, validation and implementation
planning’. The chosen advanced regional case studies are:
4. Small-scale power production with straw and Miscanthus in the Burgundy
region (France);
5. Large-scale power production with straw and with residual woody biomass in
the Aragon region (Spain);
6. Advanced wood logistics in the Province of Central Finland.
Data on biomass availability (WP1) and demand and quality specifications of the
conversion technology (WP2) have been used in combination with data on logistical
components and concepts (WP3) to provide guidelines for the case study partners in
WP9 to construct relevant regional cases. These advanced regional case studies can
be seen as an example for other regions in the EU-27.
This cover report is closely connected to three D3.4 + 3.6 Annex reports that
describe the three individual regional case studies in much more detail:
•
•
•

Annex 1. Burgundy (France) (Annevelink et al., 2016b);
Annex 2. Aragón (Spain) (García Galindo et al., 2016) and;
Annex 3. Province of Central Finland (Väätäinen et al., 2016).

1.2 Content of report
In Chapter 2 the used assessment methods are briefly described. Chapter 3 gives a
general characterization of the three regional cases studies. Then a summary of the
main results of these three case studies is compiled in Chapter 4. Finally the main
conclusions and recommendations are repeated.
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2. Assessment methods for logistical case studies

2.1 Introduction
Various logistical assessment methods have already been described in Deliverable
D3.2 ‘Logistical concepts’ (Annevelink et al., 2015). From these, the following
methods have been chosen and further developed for further assessments in the
logistical case studies for the S2Biom project:
• BeWhere for the European & national level;
• LocaGIStics for the Burgundy and Aragón case study at the regional level;
• Witness simulation model Truck Transport Logistics for the Finnish case.

2.2 BeWhere and LocaGIStics
BeWhere and LocaGIStics are closely interlinked so that LocaGIStics can further
refine and detail the outcomes of the BeWhere model. Furthermore, the BeWhere
model can use the outcome of the LocaGIStics model to modify their calculations if
needed. The relationship between BeWhere and LocaGIStics in the S2Biom project
is given in Figure 1.

Figure 1.
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Relation between BeWhere and LocaGIStics.
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These two assessment tools are described in further detail in D3.5 ‘Formalized
stepwise approach for implementing logistical concepts using BeWhere and
LocaGIStics’. So please consult deliverable D3.5 to better understand these tools.

2.3 Witness simulation model: Truck Transport Logistics
The Truck Transport Logistics simulation model was developed especially for the
Finnish case study and is described in further detail in D3.4+D3.6 Annex 3
(Väätäinen et al., 2016). It was compiled in Witness simulation software and
combined with an Excel-spreadsheet environment (Figure 2). A combination of these
two tools enabled us to study the transport logistics of timber trucks from roadside
storages to end-use facilities. Simulation runs are conducted in Witness, whereas the
Excel-spreadsheet file controls simulation scenario parameters and combines time
and performance data from Witness to cost accounting carried out in Excel
workbook.

Figure 2.
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A screenshot from the Truck Transport Logistics -simulation model in Witness®
simulation software.
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3. General characteristics of the case studies

3.1 General characteristics of case 1 - Burgundy (France)
The case that was described originally in the LogistEC project (Gabrielle et al., 2015)
focuses on the biomass crop Miscanthus. The case is about the small scale local
production of Miscanthus pellets and the logistics are pretty simple: feedstock
Miscanthus - harvesting as bales or chips - bales stored at the farm - and then
transported to the pellet plant - where they are chipped and pelletized. The case in
the LogistEC project does not include the further use of the pellets (yet) e.g. in a
bioenergy power plant or in other applications. So it is only about producing
intermediate products (pellets). Miscanthus pellets or chips may also be used for
other purposes like animal bedding. Another application could be directly (without the
pelletizing step) transporting the bales to a power plant with boilers that can burn
bales directly.
So the focus of the Burgundy case study within S2Biom is on Miscanthus and also on
straw. For these types of feedstock the BeWhere model will tell us where there is a
possibility to locate the (new) biomass conversion factory specifying the type of
technology and size (in this case small scale combustion power plants). The case for
BeWhere is to determine best solutions for satisfying the energy demand in
Bourgogne in terms of cost and GHG efficiency based on overall energy (electricity
demand) and local biomass availability in different scenarios. In order to make this
assessment in BeWhere there is a need for detailed biomass potentials and
electricity and heat demand.
LocaGIStics will then take the information on the size and type of technology and
assess how the organisation of the biomass delivery chain should look like in terms
of logistical concepts, specifying e.g. alternative user defined locations for a
conversion plant, and for intermediate storage and pre-treatment alternatives given
different types and amounts of Burgundy biomass use, etc.

3.2 General characteristics of case 2 - Aragón (Spain)
The case study Aragón has been developed in close cooperation with Forestalia
Group. In 2016, Forestalia started the promotion of the Monzón, Zuera and Erla
power plants. These facilities are located in the Region of Aragón and they are the
main target of the case study here presented. They were scoped to be fed only by
means of energy crops wood, but Forestalia Group is also interested in exploring the
potential role of other biomass resources. For the present case, the fuel mix targeted
consists of 70% energy crops and 30% agriculture residues. The aim of the case
10
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study consists of the definition of the area of supplying nearby the plants and the
determination of the biomass cost at the plant gate for each feedstock and for every
supply chain concept.
Within this case study, CIRCE and WUR-FBR have made use of LocaGIStics for
determining the feedstock potential and the supply cost of biomass at plant gate
considering the three power plants together and separately. In first place, available
potential of different agricultural residues has been obtained in order to select main
feedstock options. Finally, the case study has been focused on two main biomass:
straw and stalk from annual crops (winter cereals, summer cereals, sunflower) and
wood from olive, fruit and vineyard plantations removal, both above ground and
underground biomass. Then, for each feedstock option, different supply chains have
been defined:
-

Herbaceous agricultural residues
o Case 1.1: Straw and stalk from annual crops (Figure 3).

-

Wood from olive, fruit and vineyard plantations removal
o Case 2.1: Underground biomass (UGB): small plantations, removal and
transport to collection point done by farmer.
o Case 2.2: Aboveground biomass (AGB) and UGB: small and medium
plantations in areas with relevant density of permanent crops; removal
in charge of Forestalia Group.
o Case 2.3: AGB and UGB separated: large plantations, removal in
charge of Forestalia Group. Biomass obtained separately to avoid
mixing.

Figure 3.
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Example of the description of a chain in the Aragón study for Case 1.1.
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3.3 General characteristics of case 3 - Province of Central Finland
In the Finnish case study, saw logs, pulp wood and de-limbed energy wood stems
were transported to end-use facilities. In total, 25 different timber assortments were
included in the supply chain of this case. Currently, each timber assortment is
transported as single-assortment loads to the end-use facility. Due to the small
volume of individual assortments in a roadside storage, the timber trucks often have
to collect timber from several roadside storages to obtain a full load. This kind of
driving between piles at different roadside storages and setup times at these piles are
relatively time consuming elements in the whole transport cycle. Therefore, a
scenario with a multi-assortment load option was introduced to the case study. The
multi-assortment load opportunity is only available for timber assortments, which are
all transported to a same end-use facility.
In the Finnish case study, the Witness simulation model included four trucks
operating in Central Finland and supplying timber to 12 end-use facilities being eight
saw mills, two pulp mills and two train loading terminals. A simulation run covered a
period of one year. Each scenario was simulated by five stochastic repetitions and
the average values of these five repetitions were used for calculating the result data
of a certain scenario. Two simulation scenario sets were simulated in Finnish case
study. The business as usual scenario corresponded to timber transports with the
single-assortment load method, whereas the multi-assortment scenario included the
multi-assortment load transports. Each simulation scenario was repeated five times
and the averages of the five repetitions were used for comparing scenario results.
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4. Main results

4.1 Case 1 - Burgundy (France)
BeWhere results
When it comes to optimizing the number of plants for the whole region, where the
only constraints are the biomass availability and the heat demand, the final solution
looks like as presented in Figure 4. The plants are mainly located where the heat
demand is the highest (Figure 4, right). The technology chosen remains the same for
all plants as well which is a grate boiler for CHP, with a capacity of 10 MWth.

Figure 4.

Location of the production plants on top of their respective collection points
(left) and the heat demand (right). A same color of the biomass location means
that the biomass is collected to the same plant which usually is located within
the corresponding colored area.

As can be noticed the location of the feedstock collected is no longer within a circle
around the plant, but some optimal distribution around the plant balancing transport
cost, availability and collection cost. This means that heat demand has a greater
impact on the location of the plant than the biomass, which is collected within
distances ranging from 70 to 158 km. The model allows some flexibility in the
production and may not operate at full capacity, explaining the differences in power
and heat generation (see Table 1).
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Table 1.

Overview of the bioenergy plant locations, biomass collection and energy
carrier generation.

No

Longitude
deg

Latitude
deg

Max collection
distance (km)

Straw
(kt/a)

Miscanthus
(kt/a)

Power
(TJ/a)

Heat
(TJ/a)

1

3.59

47.78

146

17

13

128

306

2

4.87

47.03

121

13

17

128

306

3

4.35

46.92

146

12

18

128

306

4

2.90

47.35

143

6

15

89

214

5

2.97

47.47

158

11

18

126

302

6

5.13

47.31

70

18

12

128

306

7

5.20

47.58

114

20

10

128

306

8

3.15

47.03

109

14

14

122

293

9

3.42

48.04

79

18

12

128

306

10

4.91

46.58

103

16

14

128

306

11

4.38

46.65

108

10

17

115

276

12

3.58

47.86

108

16

14

128

306

LocaGIStics results
The LocaGIStics tool was used to further detail the biomass value chain of one of
these possible locations. Five variants were calculated for one specific power plant
location:
1. Power plant & no biomass yard; only straw;
2. Power plant & no biomass yard; straw & Miscanthus;
3. Power plant & one biomass yard; straw & Miscanthus;
4. Power plant & two biomass yards; straw & Miscanthus;
5. Power plant & two biomass yards; only straw.
Table 2.
Variant
no.

Main results of the five variants.
Financial profit (€)

Energy profit (GJ)

Net GHG avoided
(ton CO2-eq)

1

1,863,492

356,738

35,208

2

3,173,480

377,106

37,285

3

2,939,348

377,532

37,337

4

3,008,029

385,318

38,107

5

1,553,969

359,421

35,477

The exact calculation results were of less importance in the Burgundy case than the
testing process during the development of the new LocaGIStics tool. However, some
results are shown here to give an impression of the effects of the choices in the
14
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different variants. The results of the five variants are summarized for financial profit,
energy profit and net GHG avoided in Table 2. As an example the results of Variant 2
are described below. More results are given in the Annex 1 report (Annevelink et al.,
2016b).
Variant 2 – Power plant & no biomass yard; straw (33%) and Miscanthus (100%)
Characteristics variant 2 - Again 33% of the overall straw production, but now also
100% of the grown Miscanthus is available as feedstock. Again there is no
intermediate collection point (biomass yard), so all raw biomass is transported by
truck straight to the site of the power plant. Therefore, the biomass is only loaded and
unloaded once in this variant. At the site of the power plant the raw biomass is first
stored in open air during an average of 4.5 months, then pelletized, and then the
pellets are again stored under a cover for an average of 4.5 Months. Before the
pellets can be fed to the power plant they need to be grinded. The demand of the
power plant is 30,000 t dm per year.
Results variant 2 – The main results are shown in Table 3. The map with the
collection area of the Miscanthus is shown in Figure 5. The demand of the power
plant is completely met. The maximum collection distance is 17.5 km which is 15 km
lower than the collection distance in variant 1. Variant 2 has a smaller supply area,
because more biomass (Miscanthus) is now available at a closer distance. The
transport amount is 298,544 ton.km which is about 2.4 times smaller than the
709,961 ton.km in variant 1 due to the smaller collection area. The purchase costs of
variant 2 are much lower than in variant 1 because more than 2/3 of the sourced
biomass is now Miscanthus with a much lower price (8.82 €/t dm). The storage costs
are again relatively low 60,815 € compared to the variants 3 until 5, because there is
only open air storage. The transport costs are relatively low compared to variant 1,
because of the smaller collection area in variant 2. Loading and unloading cost the
same as in variant 1, but lower than in variant 3-5, because they only occur once in
variant 1 and 2. The pre-treatment costs are more or less the same for all variants.
The variable conversion costs are more or less the same for all variants and the fixed
conversion costs are exactly the same for all variants. The revenues in variant 2 with
both straw and Miscanthus are higher than in the variants 1 and 5 with only straw.
This is caused by the higher energy content of Miscanthus (HHV 18.5 GJ/t dm)
compared to straw (HHV 17 GJ/t dm). So more electricity and heat can be sold if the
30,000 t dm only consists of more Miscanthus and less straw. The overall financial
profit of variant 2 is the best of the five, because of the relatively lower costs and
higher revenues.
Remarks - The size of the collection circle can also be influenced by placing
intermediate collection points in the middle of densely occupied biomass areas. To
see this effect one intermediate collection point was included in Variant 3.

15
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Table 3. Main results Variant 2.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm)
Transport amount (ton·km)
Costs
Purchase costs (€)
Storage costs (€)
Transport costs (€)
Loading/Unloading costs (€)
Pre-treatment costs (€)
Variable conversion costs (€)
Fixed conversion costs (€)

Straw

Miscanthus

Total

17.5
8,782
86,847

17.5
21,321
211,697

17.5
30,103
298,544

395,186
17,783
10,644
11,416
816,592
263,457
-

188,051
43,175
25,945
27,717
1,982,545
639,630
Total

583,237
60,958
36,588
39,134
2,799,137
903,087
625,000
5,047,141

Revenues
Electricity (€)
Heat (€)

-

Total

7,198,985
1,021,635
8,220,621

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

3,173,480
377,106
37,285

Figure 5.
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Map Miscanthus for Variant 2.
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4.2 Case 2 - Aragon (Spain)
Based on the supply chains, some scenarios were analyzed by LocaGIStics for the
two feedstock options in terms of the number of power plants and their sites, the
biomass availability, the total demand per plant and the presence of collection points.
Case 1.1 results show the amount of herbaceous biomass is enough to cover the
annual needs of the three power plants in any case. Competition problems appear
between Erla (Figure 6) and Zuera power plants and consequently, biomass
collecting distances are higher than for Monzón power plant supply. Regarding the
final price at gate, Monzón power plant always shows the minimum value, between
43-44 €/t dm. Although Erla and Zuera have a similar fuel price at gate considering
100% biomass availability, in the case of Erla power plant, this price yields a
remarkable increase when just a 50% of biomass is available. When the power plants
are analyzed individually, the results are different since competition between plants
does not take place. The Monzón power plant seems to be the one with lower
distances but when just 25% of biomass is available, the collection distance
increases above the other two power plants.

Figure 6.

Example of the sourcing of straw from winter cereals for the Erla power plant in
a single plant calculation (scenario 002).

Regarding wood plantations removal option, there is not enough biomass close to the
different sites in order to cover the whole demand of the power plants (not even one
of them). Two of the supply chain concepts proposed (Case 2.1 and Case 2.2) have
a purchase cost higher than the price at gate limitation considered by Forestalia
Group (57 €/t dm), so it is obvious than both chains are not feasible with this price at
gate limitation. The Case 2.3 supply chain is the most promising one. Prices are
below the Forestalia limitation for all the power plants. Comparing now the three

17
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locations, Monzón suffers lower competition effects than Erla and Zuera and it shows
the lowest price at gate.
In order to complete the analysis, the Zuera power plant was studied alone for
obtaining the variation of the results regarding the availability percentage from 100%
to 25%. To this context, availability has not significant influence on price at gate (€/t).
However, biomass collected amount is reduced from 60,000 t (100%) to 24,600 t
(25%) and maximum distance is also increases from 82 to 130 km.

4.3 Case 3 - Province of Central Finland
The multi-assortment method decreased the time consumption particularly for driving
between piles (see Figure 7). The number of rides between piles was 1,152 times in
the single-assortment load method, whereas in the multi-assortment load method
driving between piles was 794 times. This is a 31% decrease. On the other hand the
off-shift time increased in the multi-assortment load method mainly because of
roadside storages was finished earlier during June before the holiday month (July) in
the multi-assortment load method.

Figure 7. Time element distribution and time durations for studied scenarios. One year
simulation experiments.
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The multi-assortment load method was on average 3.3% cheaper than the single
assortment load method (Figure 8). In addition, the driving performance - presented
as solid-m³ of timber per 100 kilometers - was 4.0% higher with the multi-assortment
load method.

Figure 8.

19

Relative transport costs and driving performance in the scenario comparisons.
A cost level of 100% was set for the single-assortment load method.
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5. Conclusions and recommendations

5.1 Conclusions
Burgundy
The BeWhere model has been applied for the case study of Burgundy in order to
identify the optimal locations of bioenergy production plants. The locations of the
plants were highly driven by the location and amount of the demand of heat. The
collection points of the biomass are very well concentrated around the production
plants.
LocaGIStics was used as a quality check of the feedstock collection, capacity and
therefore the validity of the chosen location. Several logistical concepts have been
tested with LocaGIStics in the Burgundy case. These are: i) mixing different biomass
types (straw as a biomass residue and Miscanthus as an energy crop), ii) applying
pretreatment technology (pelletizing) to densify the material in order to lower the
transportation costs and increase handling properties, iii) switching between different
types of transport means (truck and walking floor vehicle) and iv) direct delivery to a
power plant versus putting an intermediate collection point in the value chain.
Because the case was used to develop LocaGIStics, less value should be given to
the exact results of the five variants that are described in this report. However, these
variants are perfect examples of what effects can be achieved if the set-up of a
lignocellulosic biomass value chain is changed, even if that change is only slightly.
So the case was used successfully to build a first version of the LocaGIStics tool.
However, many improvements are still possible and could be achieved in future
project cases.
Aragón
After analyzing the results, it seems clear that in terms of biomass availability and
supply chains definitions, the Forestalia Group should focus on straw and stalk as
main feedstock option. Case 1.1 is technical and economically reliable and there is
enough biomass for fulfilling the three power plant fuel requirements.
Regarding wood plantation removal, supply chains Case 2.1 and Case 2.2 are not
profitable. So, a solution could be that the collection points where farmers dump their
residues ask for a fee to the farmers or increase the service price. Pretreatment
operations at the power plant with static equipment could reduce costs in comparison
to mobile units (e.g., primary crusher could be moved to the fields and then the
shredded material to be transported directly to the power plant, where static
screening and chipping machines would treat the material). Case 2.3 is by far the
20
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most suitable. It is based on large fields, and therefore, the best conditions are
available.
LocaGIStics has been successfully adapted to Forestalia Group requirements in
order to run all the supply chains and scenarios proposed. It can be perfectly used to
obtain the cost of biomass at plant gate (€/t) considering only the purchase cost and
the logistic chain costs, without taking into account the power plant characteristics
and IRR and NPV calculations.
Province of central Finland
The Witness simulation model Truck Transport Logistics has proved to express well
the behavior of truck transports of timber. The model could be used for supporting
decisions on enhancing the transport operations. Compared with the other logistical
assessment methods in S2Biom, i.e., BeWhere and LocaGIStics, Truck Transport
Logistics is the most detailed one. This means that it can simulate the operation of
real logistical chains and even the interactions between logistical components and
stochasticity can be taken into account. The downside of this ability is that very
detailed input data, which not always is available, is needed. The model also needs
to be tailored to the operating environment which requires expertise.
The multi-assortment load method that was studied in the Finish case offers a nearly
4% improvement potential for the transport economy compared to the prevailing
single-assortment load method. Small assortment piles at roadsides cause difficulties
in efficient timber transport due to driving between piles and the need of loading
many small piles for filling the entire load space. The multi-assortment load method
decreases drastically the number of rides between piles and, therefore, improves
performance of the fleet.

5.2 Recommendations
Burgundy
The BeWhere model is a tool useful for policy planning, because it indicates what
technology should be used in which region providing a specific energy or emission
target. The results of the model need further analysis from a LocaGIStics model that
will conduct a very detailed analysis of the economic feasibility of setting up a new
production plant in a particular region. For good energy planning for biomass based
industries, both models are very much complementary and useful.
Now the Burgundy case was primarily used for developing the new LocaGIStics
model. The variants that were presented in this report were especially aimed at
creating different circumstances for the model to be tested. The LocaGIStics model
was shown to potential users (agricultural advisors and the manager of BP), and they
21
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confirmed that the tool was relevant to address the design and optimization of their
value-chains. However, for a ‘real’ logistical assessment further research will need to
be performed. The LocaGIStics model can still be further improved to make it more
flexible so that it can deal with a variety of different biomass value chain set-ups.
Aragón
The use of collection points would improve the management of the straw and stalk
supply chain. Transport cost would be slightly higher but the supply security would be
higher too and in addition, pretreatment costs could be reduced.
The work done has revealed that the initial strategy for biomass procurement of
Forestalia Group can be improved. This has been specially evident in the case of
biomass procurement from the wood residues of vineyards, fruit and olive trees
plantation removals. So the wood plantation removal supply chains must be
rethought. Case 2.1 and Case 2.2 supply concepts are not profitable in any case.
Just Case 2.3. shows good results but this supply chain can only be applied in large
fields and not enough biomass can be collected. For instance, as it was stated in
previous section, all the cases would be improved if the only machinery mobilized to
field was the primary shredder and then transport material to the plant where a static
screening and chipping was performed.
As recommendations, some actions have been proposed in order to improve the tool
LocaGIStics. For instance, road distance method for transport costs calculation
should be improved in order to obtain more accurate results. In addition, we have
pointed out that when several power plants are included in the analysis, some
potential competition limitations appear and final results and figures might depend on
the resolution order of each plant.
Province of central Finland
Research topics for the future in timber transports by road with the Witness
simulation model would be to study the effect of bigger roadside storage sizes,
smaller number of timber assortments, including terminals and including high
capacity trucks for long distance transports. In addition, the influence of bigger trucks
for transporting timber from roadside storages to mills could be tested with the
Witness simulation model.
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Executive summary

In the S2Biom project the logistical case study in Burgundy was the first that was
performed. The data were based on the results of the LogistEC project, which had
already performed a thorough assessment of the case. Therefore, the S2Biom case
study was especially used to develop the new tool LocaGIStics, and to illustrate the
possibilities of such a new logistical tool in combination with an existing tool, the
BeWhere model. So the results of the case study were not primarily intended to
further assess the real life case or to advise an actual company for taking decisions
on their biomass supply chain yet.
The BeWhere model has been applied for the case study of Burgundy in order to
identify the optimal locations of bioenergy production plants. It should be emphasized
that the locations of the plants were highly driven by the location and amount of the
demand of heat over the transport collection of the feedstock at least for this
particular case study. The collection points of the biomass are nevertheless very well
concentrated around the production plants. Anyhow to validate those results,
LocaGIStics is a valuable tool for the simulation of the feedstock collection from the
plants determined from BeWhere. The quality check controls the feedstock collection,
capacity and therefore the validity of the chosen location.
The LocaGIStics model has especially been developed using the Burgundy case
study. Several logistical concepts have been tested in the Burgundy case. These are:
i) mixing different biomass types (straw as a biomass residue and Miscanthus as an
energy crop), ii) applying pretreatment technology (pelletizing) to densify the material
in order to lower the transportation costs and increase handling properties, iii)
switching between different types of transport means (truck and walking floor vehicle)
and iv) direct delivery to a power plant versus putting an intermediate collection point
in the value chain. Due to the nature of this development case less value should be
given to the exact results of the five variants that are described in this report.
However, these variants are perfect examples of what effects can be achieved if the
set-up of a lignocellulosic biomass value chain is changed, even if that change is only
slightly. So the case was used successfully to build a first version of the locaGIStics
tool. However, many improvements are still possible and could be achieved in future
project cases.
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1. Introduction

1.1 Aim of logistical case study in Burgundy
In the S2Biom project the logistical case study in Burgundy was the first that was
performed. The data were based on the results of the LogistEC project (Perrin et al.,
2015; Gabrielle et al., 2015), which had already performed a thorough assessment of
the case.
The LogistEC project aimed at developing new or improved technologies for all steps
of the logistics chains for biomass supply from energy crops, and to assess their
sustainability for small to large-scale bio-based projects. It encompassed all types of
lignocellulosic crops: annual and pluri-annual crops, perennial grasses, and shortrotation coppice, and included pilot- to industrial-scale demonstrations. One of them
involved the case-study based on the Bourgogne Pellets cooperative, which
develops Miscanthus in Burgundy (eastern France), and which is being further
evaluated here using some of the S2Biom tools, in particular LocaGIStics.
Therefore, the S2Biom case study was especially used to develop the new tool
LocaGIStics, and to illustrate the possibilities of such a new logistical tool in
combination with an existing tool, the BeWhere model. So the results of the case
study were not primarily intended to further assess the real life case or to advise an
actual company for taking decisions on their biomass supply chain yet. However,
indirectly the company Burgundy Pellets (Figure 1) was kept in mind when designing
test runs with LocaGIStics. That pellet production company was involved in the
LogistEC project and its business goal is to develop biomass value chains that
process Miscanthus to pellets for energy or animal bedding.
Bourgogne Pellets (BP) is a farmers’ cooperative of about 350 members based in the
municipality of Aiserey in the vicinity of Dijon, in the Burgundy region of France. It
currently grows around 400 ha of Miscanthus, established on arable land in the
vicinity of the cooperative's headquarters. The supply chain operated by BP is
divided into 6 main stages, namely production, harvest, handling, transport, storage
and processing. Each year, the importance of each stage varies in response to the
biomass supply (Miscanthus yields) and the demand for the different products (chips,
bales and pellets). The main markets for these end-products are gardening (mulching
materials), bedding materials for horses and pets, and heat generation.
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Figure 1. Burgundy Pellets company processing Miscanthus (Bjørkvoll, 2015).

1.2 Content of report
In this report the assessment methods for the logistical case study are described in
Chapter 2. This is followed by the set-up of the Burgundy case study in Chapter 3. In
Chapter 4 the type of data needed and in Chapter 5 the actual data used are
described. Then the results are presented that were obtained by the BeWhere
(Chapter 6) and by the LocaGIStics model (Chapter 7). Conclusions and
recommendations are given in Chapter 8.

8
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2. Assessment methods for logistical case studies

Various logistical assessment methods have already been described in Deliverable
D3.2 ‘Logistical concepts’ (Annevelink et al., 2015). From these methods, the
following three have been chosen for further assessments in the logistical case
studies for the S2Biom project viz.:
•
•
•

BeWhere for the European & national level;
LocaGIStics for the Burgundy and Aragón case study at the regional level;
Witness simulation model for the Finnish case.

BeWhere and LocaGIStics have been closely interlinked so that LocaGIStics can
further refine and detail the outcomes of the BeWhere model and the BeWhere
model can use the outcome of the LocaGIStics model to modify their calculations if
needed. The relationship between BeWhere and LocaGIStics in the S2Biom project
is given in Figure 2. These tools are described in further detail in D3.5 ‘Formalized
stepwise approach for implementing logistical concepts (using BeWhere and
LocaGIStics) so please consult that deliverable to understand the tools. The Witness
simulation model was not used for the Burgundy case.

Figure 2. Relation between BeWhere and LocaGIStics.
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3. Set-up of the case study

3.1 Introduction
The focus of the Burgundy case study is on Miscanthus and straw. For these types of
feedstock the BeWhere model will tell us where there is a possibility to locate the
(new) biomass conversion factory specifying the type of technology and size (in this
case small scale combustion power plants). The case for BeWhere is to determine
best solutions for satisfying the energy demand in Bourgogne in terms of cost and
GHG efficiency based on overall energy (electricity demand) and local biomass
availability in different scenarios. In order to make this assessment in BeWhere there
is a need for detailed biomass potentials and electricity and heat demand.
LocaGIStics will then take the information on the size and type of technology and
assess how the organisation of the biomass delivery chain should look like in terms
of logistical concepts, specifying e.g. alternative user defined locations for a
conversion plant, and for intermediate storage and pre-treatment alternatives given
different types and amounts of Burgundy biomass use, etc.
Finally LocaGIStics will deliver:
• a basic chain design and alternative designs of the biomass chain
• full costs and returns of the proposed and alternative biomass chains
• full GHG emissions and GHG mitigation from the full chain (and alternative
chains), including land use change emissions as compared to baseline (= no
cultivation)
• N-balance

3.2 General characteristics of the Burgundy case
The Burgundy case that was described in the LogistEC project (Gabrielle et al., 2015)
focuses on the biomass crop Miscanthus. The case is about the small scale local
production of Miscanthus pellets and the logistics are pretty simple: feedstock
Miscanthus - harvesting as bales or chips - bales stored at the farm - and then
transported to the pellet plant - where they are chipped and pelletized. The LogistEC
case does not include the further use of the pellets (yet) e.g. in a bioenergy power
plant or in other applications. So it is only about producing intermediate products
(pellets). Miscanthus pellets or chips may also be used for other purposes like animal
bedding. Another application could be directly (without the pelletizing step)
transporting the bales to a power plant with boilers that can burn bales directly.

10
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The current S2Biom logistical case study will also take into account the further (long
distance) transport of the pellets from the pellet factory to a power plant. LocaGIStics
will look at the local/regional level and BeWhere will look at a higher level and make a
suggestion for the location of a power plant.
LocaGIStics could calculate e.g. with two scenarios like 300 ha Miscanthus that is
already planted and available compared with 600 ha where 300 new ha would need
to be planned on a hypothetical map. The question could be if the logistics still hold in
this growth scenario. Also a larger pellet factory that needs more biomass could be
an alternative case.
The location of the existing pellet factory is already chosen. Unfortunately there are
few Miscanthus fields located directly beside the pellet factory.

3.3 Biomass value chains
Miscanthus and cereal straw are the two biomass types that are part of the biomass
chains in this case study. The biomass value chain for Miscanthus is given in Figure
3. The value chain for straw is similar to that, but always with bales.

Figure 3.
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4. Type of data requirements for the case studies

4.1 Introduction
The type of data that are needed to run the BeWhere model and the model
LocaGIStics model is described below.

4.2 BeWhere
The input data required in BeWhere has a lot on common with the one from
LocaGIStics, but still does cover the following as expressed in Table 1. Each
information in the table below should be provided for each country and at the level of
each grid point.
Table 1.

Required data for BeWhere

Category

Attribute description (unit)

Biomass characteristics

Biomass type(s) available (name)
Higher heating value per biomass type (GJ/ton dm)

Biomass availability

Amount of biomass available per source location/grid cell (ton dm/year)
at the grid level.
Costs at roadside per biomass type (€/ton dm)
Energy used for biomass production (GJ/ton dm)
GHG emission used for biomass production (ton CO2-eq/ton dm)

Logistics

Type of available transport means for each part of the chain (name)
Detailed road/rail/ship network (could be taken from open street maps)
3

Maximum volume capacity per transport type (m )
Maximum weight capacity per transport type (ton)
Costs variable per transport type (€/km)
Costs fixed per transport type (€/load)
Energy used per transport type (MJ/km)
GHG emission per transport type (ton CO2-eq/ton dm)
Conversion

Technology type per conversion plant (name)
Net energy returns electricity (usable GJ/GJ input *100%)
Net energy returns heat (usable GJ/GJ input *100%)
Capacity input (PJbiomass/year)
Working hours (hours/year)
Costs conversion plant fixed (M€/year)
Costs conversion variable (M€/PJbiomass)
3

Energy use for conversion (GJ/m )
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3

Emissions CO2 equivalent (mg/Nm )
Price electricity (€/GJ)

Revenues

Price heat (€/GJ)
Price other type(s) of (intermediate) products (€/ton)
Cost of transport of the end-use product (electricity, heat or biofuel)

Distribution

Location of the demand point for heat, electricity or transport fuel
Amount of demand of energy products
Policy instruments

Carbon cost, cost of competing product (fossil fuel based), subsidies…
Emissions factors for each energy product per country
Locations of different import location ports (overseas or inland)

Imports

Quantities of biomass or transport fuel that can be imported at each
specific import point.

4.2 LocaGIStics
There is some overlap with the required data for the BeWhere model. However, in
general LocaGIStics will need more detailed data than the BeWhere model Table 2
and 3).
Table 2.

Description of the set-up of the biomass value chain.

Category

Attribute description (unit)

Biomass value chain

General description of the set-up of the biomass value chain, including
variants and specific questions (e.g. intermediate collection points
included or not) that could be addressed by the LocaGIStics tool in the
case study (text)
Number of biomass yards (number)
Coordinates of possible locations for intermediate collection points
(plus map-projection)
Number of conversion plants (number)
Coordinates of possible locations for conversion plants ( plus mapprojection)
Locations where conversion plants or intermediate collection points
should not be placed (e.g. Natura 2000 regions)

Table 3.

Required data for LocaGIStics.

Category

Attribute description (unit)

Biomass characteristics

Biomass type(s) available (name)
3

Bulk density per biomass type (kg dm/m )
Higher heating value per biomass type (GJ/ton dm)
Moisture content at roadside per biomass type (kg moisture/ kg total)
Biomass availability

Amount of biomass available per source location/grid cell (ton dm/year)
(this should be as detailed as possible, e.g. Nuts4 or Nuts5 or even at
parcel level, please add GIS file (shapefile) with locations)
Description of form/shape (name) e.g. bales or chips
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Costs at roadside per biomass type (€/ton dm)
Energy used for biomass production (GJ/ton dm)
GHG emission used for biomass production (ton CO2-eq/ton dm)
Storage

Type of storage per specific location (name)
3

Capacity per storage type per location (m )
3

Costs per storage type per location (€/m .month)
3

Energy used per storage type per location (MJ/ m .month)
GHG emission per storage type (ton CO2-eq/ton dm)
Logistics

Type of available transport means for each part of the chain (name)
Detailed road/rail network (could be taken from open street maps)
3

Maximum volume capacity per transport type (m )
Maximum weight capacity per transport type (ton)
Costs variable per transport type (€/km)
Costs fixed per transport type (€/load)
Energy used per transport type (MJ/km)
GHG emission per transport type (ton CO2-eq/ton dm)
Handling

Type of available handling equipment per specific location (name) e.g.
for loading and unloading
3

Costs handling equipment per type (€/m )
3

Energy used per handling equipment type (MJ/m )
GHG emission per handling equipment type (ton CO2-eq/ton dm)
Pre-treatment

Type of pre-treatment needed per specific location (name)
Description of output form/shape (name) e.g. chips, pellets
3

Costs of pre-treatment per type (€/m )
3

Energy input of pre-treatment per type (MJ/m )
GHG emission per pre-treatment type (ton CO2-eq/ton dm)
Conversion

Technology type per conversion plant (name)
Net energy returns electricity (usable GJ/GJ input *100%)
Net energy returns heat (usable GJ/GJ input *100%)
Capacity input (ton dm/year or ton dm/month)
Working hours (hours/month)
Costs conversion plant fixed (€/year)
Costs conversion variable (€/ton dm input)
3

Energy use for conversion (GJ/m )
3

Emissions CO2 (mg/Nm )
3

Emissions NOx (mg/Nm )
3

Emissions SO2 (mg/Nm )
Revenues

Price electricity (€/GJ)
Price heat (€/GJ)
Price other type(s) of (intermediate) products (€/ton)
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5. Actual data used for case study

5.1 Biomass data
The case study is based on the possible yields of Miscanthus as a new biomass crop
in Burgundy (Table 4). These were assessed and evaluated in much detail in the
LogistEC project (Perrin et al., 2015). Only a limited number of ha of Miscanthus are
available at the moment. Three scenarios were developed to increase this amount of
available Miscanthus in the near future.
Table 4.

Current amounts of available Miscanthus and three future scenarios for
increasing this amount (Perrin et al., 2015).
2008

2009

2010

2011

Total Miscanthus

3.5

104.2

309

385.8

Mean/plot

1.75

1.47

1.93

1.95

No plots

2

71

160

198

No farmers

1

33

61

80

Area

Feedstock (t)

Miscanthus surface (ha)

Baseline

6,000

400

Scenario 1: +25%

8,000

500

Scenario 2: +100%

12,000

760

Scenario 3: maximum

30,000

1,900

There is an Access database with data of the Burgundy region that shows the
availability of biomass. Available data on productivity and environmental impacts of
energy crops and residues result from the simulation of crop growth with an agroecosystem model (CERES-EGC), as will be explained in Section 5.4.
Land-use (LU) allocation and calculation: two sources of LU were used to construct
the data base: Corine Land Cover (2006) and the French agricultural census of
2010.-2011. They result in different estimates of utilizable area for cropland and
grassland, due to the different methodologies employed, but it is recommended to
use the CLC data for a better consistency with the simulation contours. Thus, in a
given polygon, the area under fallow is calculated as the product of the POURC_JACH
column (% under fallow, as reported by the 2010-2011 census) times the arable
column (arable area in hectares), divided by 100.
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Figure 4.

Estimated Miscanthus yields per municipality for two different scenarios from
the LogistEC project (Gabrielle et al., 2015). The triangle sign indicates the
position of the Burgundy Pellets plant.

Straw production may be allocated to the areas under wheat (and possibly barley) –
noting that the dry matter yields already accounts for the fact that straw is harvested
once every 3 years for agronomic reasons and soil C maintenance.
Dedicated crops may be allocated to the fallow land. Establishing the perennial crop
(Miscanthus) on temporary grassland is also an option (using the 'PRAI_TEM'
column).
There are also maps with the possible locations of Miscanthus (Figure 4). For the
case study these biomass potentials maps of Miscanthus were translated to grid cells
of 2.5 x 2.5 km (Figure 5). The same was done for data on the available straw
biomass (Figure 6). Reference grids were used for LocaGIStics (and if possible also
for the BeWhere cases). LocaGIStics uses a 2.5 x 2.5 grid cell (more than 5,000 grid
cells for Burgundy). However, this is far too detailed for BeWhere, therefore for this
model all information was allocated to larger grids of 10 x 10 km cells (377 grid cells
for Burgundy).

16
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Figure 5.

Translated Miscanthus yields per 2.5 x 2.5 km grid cell.

Figure 6.

Translated straw yields per 2.5 x 2.5 km grid cell.
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A shapefile was made with the availabilities of straw and Miscanthus on a 2.5 km
grid. The grid cells have received a unique id, ‘grid-id’. The availabilities of straw and
Miscanthus are in tons DM per year in a 2.5 km grid cell. The assumptions are:
• Straw is allocated on CEREALS fraction of UAA
• Miscanthus is allocated on FALLOW and 10% of TEMPORARY_GRASSLAND of
UAA

Total yearly (average) production in whole region is then 967,154 ton dry matter for
straw and 978,630 ton dry matter for Miscanthus.

5.2 Correction for ecological zones
A correction on the possible locations of the bioenergy power plants and on the
possible yields of Miscanthus should be made for zones with high nature
conservation value. Some Natura 2000 shapefiles were used to delineate the nature
conservation value areas (http://inpn.mnhn.fr/telechargement/cartes-et-informationgeographique/nat /natura). In addition to the Natura 2000 areas also another high
nature conservation area category was added called 'Natural Areas of Ecological
Fauna and Flora Interest (ZNIEFF)'. These areas include areas that are identified for
their strong biological capabilities and a good state of conservation’.
There are two ZNIEFF types:
• ZNIEFF type I: areas of great biological or ecological interest;
• ZNIEFF type II: large, rich and slightly modified natural landscapes, providing
significant biological potential."
So ZNIEFF type II zones are larger in area than type I. None of the zones entail
particular consequences for bioenergy plants, developers should only exert some
caution and monitor some rare species for instance typical of the zone.
See Figure 7 for the protected areas in Burgundy that were used in the S2Biom case.
Two issues are related to the protected areas:
•

•

18

No bioenergy plants are allowed in Natura 2000 areas (by law), but we leave
open the possibility for ZNIEFF type II zones because they are less critical
than ZNIEFF type I or Natura 2000 in terms of biodiversity. These power
plants are not forbidden by law in ZNIEFF type I and II zones anyhow.
Regarding the collection of the biomass: only a minor fraction (10%) of the
available fallow land was considered utilizable for energy crops, to prioritize
biodiversity preservation. This amounted to extracting less biomass from
protected areas. Regarding straw extraction, protection zones would not affect
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the extraction rates since those already allow the maintenance of soil C
stocks.

Figure 7.

Protected areas in Burgundy.

5.3 Other data used in BeWhere
The BeWhere model uses a 10km grid size for the case study of Burgundy. Each
location of potential new production sites are allocated to the center of the grid cell.
The Figure 8 and 9 present the principal geographic explicit input data used in the
BeWhere model. Figure 8 presents the complexity of a complete road network that
has been simplified considering only the roads that may be dedicated for feedstock
transportation. The same input data as from LocaGIStics is used but aggregated from
a 2.5 km to a 10 km grid size level such as biomass availability (Figure 9 left).
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Figure 8.

Transport road network simplified from a complete network (left) to a network
adapted for biomass transport (right).

Figure 9.

Aggregated input data used in the BeWhere model. Left: Miscanthus potential in
t dm, right: Heat demand in MWh per year.

The technologies that the model has to choose from are presented in Table 5 below.
Those technologies vary in terms of capacity, costs and conversion efficiencies, and
the model will identify the optimal technology that best answers the problem.
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Table 5.

Overview of the technologies considered in the Burgundy case study together
with the key parameters used in BeWhere (source: S2Biom WP2).

Technology

Operating
hours
hours/year

Investment
cost
MEUR

Heat
MWth

Electricity
MWe

Heat
Efficiency
(PJheat/
PJbiomass)

Electricity
Efficiency
(PJelectricity/
PJbiomass)

Fixed bed for CHP

7,200

0.2

0.1

0.05

0.5

0.23

Pyrolysis
combustion engine
(compressionignition)

7,500

0.7

0.25

0.25

0.4

0.4

Fixed bed, direct
combustion

8,500

2.5

5

-

0.88

-

BFB for CHP

8,500

18

8

5

0.52

0.3

Grate boiler for CHP

8,500

25

10

5

0.6

0.25

5.4 Inclusion of environmental impacts in LocaGIStics
The land based environmental impacts in LocaGIStics cover the whole chain
including the land based GHG emissions and other impacts on nitrogen and
phosphate balances and soil organic carbon (SOC). In the Burgundy case this is
particularly relevant given the biomass chains based on dedicated cropping with
Miscanthus. For the land based emissions spatially specific emission factors for a
range of maximum land use changes scenarios were included in the model.
Depending on the final biomass consumption the emissions and other environmental
impacts are then generated by the LocaGIStics for the specific chain covering only
the land use changes caused by the specific chain. The environmental impact
indicators given maximum biomass cultivation and/or harvesting are thus included at
the level of the 2,5 x 2.5 km grid. If only part of the biomass in the location is to be
included in the chain (e.g. 50 %), only the emissions and environmental impacts
related to the specific biomass quantity used is allocated to the chain.
The initial environmental impacts for GHG, nitrogen and phosphate balances and
SOC were generated as part of the LOGISTEC project work using an agroecosystem model (CERES-EGC) (see Dufossé et al., 2016). The model simulates
crop growth for a 20 year period predicting biomass yields for all simulation units (in t
DM ha-1 yr-1) and direct emissions of N2O, NO3, NH3 and NOx (kg N ha-1 yr-1) in the
fields as well as the average increase of carbon stocks in soil (t C ha-1 yr-1) between
the first year and the last year of crop growth.
The model uses gridded weather data combined with soil data to generate emissions
on various GHG emission trajectories for the 2010-2030 time slice. The simulation is
done in spatial entities (polygons) which are an intersection of soil and weather data
and cover the whole of Burgundy (see Figure 10). The methodology is described in
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(Dufossé et al., 2016). The simulations assume that Miscanthus can grow in all
places where there is currently fallow land or temporary grass. Straw is extracted
from cereal fields (wheat and barley). For further details on land use see Section 5.2.
Before the results on the crop yield and environmental impacts from the simulation
model could be entered in the LocaGIStics database the data had first be allocated
from the polygons to the 2.5 x 2.5 km grid.

Figure 10.

Spatial units for which CERES-EGC model calculated the environmental
impacts.

5.5 Other data used in LocaGIStics
The basic data are given in Annex A. The machines in the LogistEC project case
database have also been entered into the WP3 database.
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6. Results BeWhere for Burgundy case study

The locations of the bioenergy production plants have been proceeded in three
steps. First the location of the first production plant has been determined, then the
model is run to determine the optimal distribution and capacities of the plants, and
finally a test run has been accomplished with increased biomass availability.
The model has first been set to identify the optimal position and capacity of the first
production plant that would be setup in Burgundy. Figure 11 presents the location of
such a plant. As expected, the feedstock is collected within a circle around the plant,
and this area corresponds to one of the most biomass rich in Burgundy, at the same
time the heat demand is one of the largest in Burgundy.

Figure 11.

Location of the first plant on top of the biomass collected (left) and the heat
demand (right).

The plant identified is a grate boiler for CHP, with a capacity of 10 MWth, and it
collects 30 kt of Miscanthus within a radius of 65 km around the plant.
When it comes to optimize the number of plants for the whole region, where the only
constraints are the biomass availability and the heat demand, the final solution looks
like as presented in Figure 12. The first plant identified in the first run remains, and
now the plants are mainly located where the heat demand is the highest (Figure 12,
right). The technology chosen remains the same for all plants as well which is a grate
boiler for CHP, with a capacity of 10 MWth.
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Figure 12.

Location of the production plants on top of their respective collection points
(left) and the heat demand (right). A same color of the biomass location means
that the biomass is collected to the same plant which usually is located within
the corresponding colored area.

As can be noticed from Figure 12 above, the location of the feedstock collected is no
longer within a circle around the plant, but some optimal distribution around the plant
balancing transport cost, availability and collection cost. This means that heat
demand has a greater impact on the location of the plant than the biomass, which
now is collected within distances ranging from 70 to 158 km.
Table 6.

Overview of the bioenergy plant locations, biomass collection and energy
carrier generation.

No

Longitude
deg

Latitude
deg

Max collection
distance (km)

Straw
(kt/a)

Miscanthus
(kt/a)

Power
(TJ/a)

Heat
(TJ/a)

1

3.59

47.78

146

17

13

128

306

2

4.87

47.03

121

13

17

128

306

3

4.35

46.92

146

12

18

128

306

4

2.90

47.35

143

6

15

89

214

5

2.97

47.47

158

11

18

126

302

6

5.13

47.31

70

18

12

128

306

7

5.20

47.58

114

20

10

128

306

8

3.15

47.03

109

14

14

122

293

9

3.42

48.04

79

18

12

128

306

10

4.91

46.58

103

16

14

128

306

11

4.38

46.65

108

10

17

115

276

12

3.58

47.86

108

16

14

128

306
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The model allows some flexibility in the production and may not operate at full
capacity, explaining the differences in power and heat generation (see Table 6).
An increase of the biomass availability by 25% will leave some place for lower
capacity plants as presented in Figure 13. Increasing the biomass availability by 25%
would allow space for an additional plant of 10MWth, instead the model choses the
identification of multiple smaller scale power plants distributed all over the region. In
that respect, the heat generated will not be wasted, as the plants will be able to
deliver the heat produced.

Figure 13.

25

Location of the plants when the biomass available increases by 25%.

D3.4 + D3.6 Annex 1

7. Results LocaGIStics for Burgundy case study

7.1 Five variants of a biomass supply chain
The BeWhere model calculated that there was a possibility to build 10 small-scale
power plants with a capacity of 30,000 ton dm in the Burgundy region (Figure 14).

Figure 14.

Possible locations of small-scale power plants (white diamond shapes)
suggested by the BeWhere tool.

The LocaGIStics tool was then used to further detail the biomass value chain of one
of these possible locations. Five variants were calculated for one specific power plant
location:
1. Power plant & no biomass yard; only straw;
2. Power plant & no biomass yard; straw & Miscanthus;
3. Power plant & one biomass yard; straw & Miscanthus;
4. Power plant & two biomass yards; straw & Miscanthus;
5. Power plant & two biomass yards; only straw.
As mentioned already in Section 1.1 the exact calculation results were of less
importance in the Burgundy case than the testing process during the development of
the new LocaGIStics tool. However, in the next section the results are shown to give
an impression of the effects of the choices in the different variants.
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The results of the five variants are summarized for:
• financial profit, energy profit and net GHG avoided (Table 7);
• crop production effects of different variants (Table 8);
• logistical results of different variants (Table 9).
These results for each variant will be discussed and compared to other variants in
more detail in Section 7.2.
Table 7.
Variant
no.

Main results of the five variants.
Financial profit (€)

Energy profit (GJ)

Net GHG avoided
(ton CO2-eq)

1

1,863,492

356,738

35,208

2

3,173,480

377,106

37,285

3

2,939,348

377,532

37,337

4

3,008,029

385,318

38,107

5

1,553,969

359,421

35,477

Table 8.
Variant
no.

Crop production effects of different variants (only in the case of Miscanthus).
Change in organic
matter content (kg
CO2-eq)

Direct N2O emission
(kg CO2-eq)

Indirect N2O emission
(kg CO2-eq)

1

-

-

-

2

4,945,974

157,380

126,353

3

4,019,948

77,310

148,446

4

4,073,814

88,637

141,965

5

-

-

-

Table 9.

Logistical results of different variants (ICP = intermediate collection point and
BCP = biomass conversion plant).

Variant
no.

Distance ICP to
BCP (km)

Distance ICP to
BCP (ton km)

Distance field to ICP
(km)

Distance field to ICP
(ton km)

1

0

0

22,013

709,961

2

0

0

2,757

298,544

3

2,672

1,011,452

597

166,402

4

2,132

1,166,305

235

121,373

5

18,893

1,198,140

6,183

342,875
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7.2 Results of the five variants
Variant 1 – Power plant & no biomass yard; only straw (33%)
Characteristics variant 1 - Only 33% of the overall straw production, and no
Miscanthus (0%) is available as feedstock. There is no intermediate collection point
(biomass yard), so all biomass is transported by truck straight to the site of the power
plant. Therefore, the biomass is only loaded and unloaded once. At the site of the
power plant the raw biomass is first stored in open air during an average of 4.5
months, then pelletized, and then the pellets are again stored under a cover for an
average of 4.5 Months. Before the pellets can be fed to the power plant they need to
be grinded. The demand of the power plant is 30,000 t dm per year.
Results variant 1 – The main results are shown in Table 10. The map with the
collection area of the straw is shown in Figure 15. The demand of the power plant is
completely met. The maximum collection distance is 32.5 km and the transport
amount is 709,961 ton.km. Looking at the purchase costs it should be noticed that
they are higher in comparison to the other variants because the purchase costs of
straw (45 €/t dm) are much higher than those of Miscanthus (8.82 €/t dm) and in this
variant only straw is available. The storage costs of 60,815 € are relatively low
compared to the variants 3 until 5, because there is only open air storage. The
transport costs are relatively high compared to variant 2, because of a larger
collection area in variant 1. Loading and unloading cost the same as in variant 2, but
lower than in variant 3-5, because they only occur once in variant 1 and 2. The pretreatment costs are more or less the same for all variants. The variable conversion
costs are more or less the same for all variants and the fixed conversion costs are
exactly the same for all variants. The revenues in variant 1 with only straw (and also
in variant 5) are lower than in the variants 2 until 4 that also contain Miscanthus. This
is caused by the lower energy content of straw (HHV 17 GJ/t dm) compared to
Miscanthus (HHV 18.5 GJ/t dm). So less electricity and heat can be sold if the 30,000
t dm only consists of straw. The overall financial profit of variant 1 is one of the
lowest, because of the relatively higher costs and lower revenues. Only variant 5 has
an even lower financial profit.
Remarks - The size of the collection circle can be influenced by assuming a higher or
lower biomass availability percentage for a certain biomass type, but also by adding
more biomass types. To see this effect Miscanthus was included as a second
feedstock type in Variant 2.
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Table 10. Main results Variant 1.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm)
Transport amount (ton·km)
Costs
Purchase costs (€)
Storage costs (€)
Transport costs (€)
Loading/Unloading costs (€)
Pre-treatment costs (€)
Variable conversion costs (€)
Fixed conversion costs (€)

Straw

Miscanthus

Total

32.5
30,032
709,961

0
0
0

32.5
30,032
709,961

1,351,441
60,815
87,010
39,042
2,792,546
900,961
-

0
0
0
0
0
0
Total

1,351,441
60,815
87,010
39,042
2,792,546
900,961
625,000
5,856,815

Revenues
Electricity (€)
Heat (€)

-

Total

6,760,849
959,458
7,720,307

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

1,863,492
356,738
35,208

Figure 15.
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Variant 2 – Power plant & no biomass yard; straw (33%) and Miscanthus (100%)
Characteristics variant 2 - Again 33% of the overall straw production, but now also
100% of the grown Miscanthus is available as feedstock. Again there is no
intermediate collection point (biomass yard), so all raw biomass is transported by
truck straight to the site of the power plant. Therefore, the biomass is only loaded and
unloaded once in this variant. At the site of the power plant the raw biomass is first
stored in open air during an average of 4.5 months, then pelletized, and then the
pellets are again stored under a cover for an average of 4.5 Months. Before the
pellets can be fed to the power plant they need to be grinded. The demand of the
power plant is 30,000 t dm per year.
Results variant 2 – The main results are shown in Table 11. The map with the
collection area of the Miscanthus is shown in Figure 16. The demand of the power
plant is completely met. The maximum collection distance is 17.5 km which is 15 km
lower than the collection distance in variant 1. Variant 2 has a smaller supply area,
because more biomass (Miscanthus) is now available at a closer distance. The
transport amount is 298,544 ton.km which is about 2.4 times smaller than the
709,961 ton.km in variant 1 due to the smaller collection area. The purchase costs of
variant 2 are much lower than in variant 1 because more than 2/3 of the sourced
biomass is now Miscanthus with a much lower price (8.82 €/t dm). The storage costs
are again relatively low 60,815 € compared to the variants 3 until 5, because there is
only open air storage. The transport costs are relatively low compared to variant 1,
because of the smaller collection area in variant 2. Loading and unloading cost the
same as in variant 1, but lower than in variant 3-5, because they only occur once in
variant 1 and 2. The pre-treatment costs are more or less the same for all variants.
The variable conversion costs are more or less the same for all variants and the fixed
conversion costs are exactly the same for all variants. The revenues in variant 2 with
both straw and Miscanthus are higher than in the variants 1 and 5 with only straw.
This is caused by the higher energy content of Miscanthus (HHV 18.5 GJ/t dm)
compared to straw (HHV 17 GJ/t dm). So more electricity and heat can be sold if the
30,000 t dm only consists of more Miscanthus and less straw. The overall financial
profit of variant 2 is the best of the five, because of the relatively lower costs and
higher revenues.
Remarks - The size of the collection circle can also be influenced by placing
intermediate collection points in the middle of densely occupied biomass areas. To
see this effect one intermediate collection point was included in Variant 3.
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Table 11. Main results Variant 2.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm)
Transport amount (ton·km)
Costs
Purchase costs (€)
Storage costs (€)
Transport costs (€)
Loading/Unloading costs (€)
Pre-treatment costs (€)
Variable conversion costs (€)
Fixed conversion costs (€)

Straw

Miscanthus

Total

17.5
8,782
86,847

17.5
21,321
211,697

17.5
30,103
298,544

395,186
17,783
10,644
11,416
816,592
263,457
-

188,051
43,175
25,945
27,717
1,982,545
639,630
Total

583,237
60,958
36,588
39,134
2,799,137
903,087
625,000
5,047,141

Revenues
Electricity (€)
Heat (€)

-

Total

7,198,985
1,021,635
8,220,621

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

3,173,480
377,106
37,285

Figure 16.
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Variant 3 – Power plant & one biomass yard; straw (33%) and Miscanthus (100%)
Characteristics variant 3 - Again 33% of the overall straw production, and 100% of
the grown Miscanthus is available as feedstock. Now there is one intermediate
collection point (biomass yard indicated by a red circle in Figure 17), so all raw
biomass is first transported by truck to the intermediate collection point. The
intermediate collection point is located near to an area with a high biomass
availability, while the power plant is located near to area with a high energy demand
(specified by the BeWhere model). Later on the pelletized biomass is transported
with a walking floor vehicle from the intermediate collection point to the separate site
of the power plant. Therefore, the biomass is loaded and unloaded twice in this
variant. At the intermediate collection point the raw biomass is first stored in open air
during an average of 4.5 months and then pelletized. At the site of the power plant
the received pellets are stored under a cover for again an average of 4.5 Months.
Before the pellets can be fed to the power plant they need to be grinded. The
demand of the power plant is 30,000 t dm per year.
Results variant 3 – The main results are shown in Table 12. The map with the
collection area of the Miscanthus is shown in Figure 17. The demand of the power
plant is completely met. The maximum collection distance is 10.0 km which is 15 km
lower than the collection distance in variant 1 and 22.5 km lower than variant 2. So
introducing an intermediate collection point near higher biomass availability can
indeed decrease the size of the collection area. However, in this variant the total
transport amount (a combination of the first and second stage transport) is 1,177,854
ton.km which is about 1.7 times larger than the 709,961 ton.km in variant 1. This is
caused by the longer distance from the intermediate collection point to the site of the
power plant. So perhaps the intermediate collection point should be placed closer to
the power plant. This requires further study. The purchase costs of variant 3 are
much lower than in variant 1 and also a bit lower than in variant 2 because even
more (about 3/4) of the sourced biomass is now Miscanthus with a much lower price
(8.82 €/t dm). The storage costs are much higher now 271,328 € compared to the
variants 1 and 2, because there is both open air storage at the first stage and more
expensive covered storage at the second stage. The transport costs of variant 3
(132,376 €) are 1.5 times higher compared to variant 1 (87,010 €), because of the
long transportation distances between the intermediate collection point and the site of
the power plant. Loading and unloading cost of variant 3 (67,492 €) are 1.7 times
higher than in variant 1 (39,042 €), because they occur twice in variant 3. They are
not double because the density of the loaded material differs between stage 1 and
stage 2. The pre-treatment costs are more or less the same for all variants. The
variable conversion costs are more or less the same for all variants and the fixed
conversion costs are exactly the same for all variants. The revenues in variant 3 with
both straw and Miscanthus are higher than in the variants 1 and 5 with only straw.
This is caused by the higher energy content of Miscanthus (HHV 18.5 GJ/t dm)
compared to straw (HHV 17 GJ/t dm). So more electricity and heat can be sold if the
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30,000 t dm only consists of more Miscanthus and less straw. The overall financial
profit of variant 3 is lower than variant 2 because of the slightly higher costs and
almost the same revenues.
Remarks – Although one collection point already showed to be less profitable, still the
idea needed to be tested that two intermediate collection points, situated even better
in the middle of densely occupied biomass areas, could further decrease the
collection areas. This effect was tested in Variant 4.
Table 12. Main results Variant 3.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm)
Transport amount (ton·km) a) field to ICP
b) ICP to PP
Costs
Purchase costs (€)
Storage costs (€)

Transport costs (€)

Straw

Miscanthus

Total

10.0
6,811
38,202
227,495

10.0
23,197
128,200
783,957
Total:

10.0
166,402
1,011,452
1,177,854

a) field to ICP
b) ICP to PP

306,481
13,792
47,790

a) field to ICP
b) ICP to PP

4,682
25,187

204,598
46,974
162,772
Total:
15,712
86,795
Total:
30,156
22,018
Total:
1,775,153
382,948
Total:
695,911
Total

511,079
271,328
132,376
67,492
2,791,724
900,232
625,000
5,299,231

Loading/Unloading costs (€) a) field to ICP
b) ICP to PP
Pre-treatment costs (€)

a) field to ICP
b) ICP to PP

Variable conversion costs (€)
Fixed conversion costs (€)

8,854
6,464
521,189
112,434
204,321
-

Revenues
Electricity (€)
Heat (€)

-

Total

7,214,712
1,023,867
8,238,579

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

2,939,348
377,532
37,337
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Figure 17.

Map straw for Variant 3.

Variant 4 – Power plant & two biomass yards; straw (33%) and Miscanthus (100%)
Characteristics variant 4 - Again 33% of the overall straw production, and 100% of
the grown Miscanthus is available as feedstock. Now there are two intermediate
collection points (biomass yards indicated by two red circles in Figure 18), so all raw
biomass is first transported by truck to the intermediate collection points. The
intermediate collection points are located near to an area with high biomass
availability, while the power plant is located near to area with a high energy demand
(specified by the BeWhere model). Later on the pelletized biomass is transported
with a walking floor vehicle from the intermediate collection points to the separate site
of the power plant. Therefore, the biomass is loaded and unloaded twice in this
variant. At the intermediate collection points the raw biomass is first stored in open air
during an average of 4.5 months and then pelletized. At the site of the power plant
the received pellets are stored under a cover for again an average of 4.5 Months.
Before the pellets can be fed to the power plant they need to be grinded. The
demand of the power plant is 30,000 t dm per year.
Results variant 4 – The main results are shown in Table 13. The map with the
collection area of the Miscanthus is shown in Figure 18. The demand of the power
plant is completely met. The maximum collection distance is 6.5 km which is 26 km
lower than the collection distance in variant 1 and 3.5 km lower than variant 3. So
introducing a second intermediate collection point near higher biomass availability
can indeed even further decrease the size of the collection area. However, in this
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variant the total transport amount (a combination of the first and second stage
transport) is even higher viz. 1,287,677 (compared to 1,177,854 ton.km in variant 3)
which is about 1.8 times larger than the 709,961 ton.km in variant 1. This is caused
by the longer distance from the two intermediate collection points to the site of the
power plant. The purchase costs of variant 4 are comparable to variant 3. The
storage costs (276,888 €) are again much higher now compared to the variants 1 and
2, because there is both open air storage at the first stage and more expensive
covered storage at the second stage. The transport costs of variant 4 (144,002 €) are
1.6 times higher compared to variant 1 (87,010 €), because of the long transportation
distances between the intermediate collection point and the site of the power plant.
Loading and unloading cost of variant 4 (68,875 €) are 1.8 times higher than in
variant 1 (39,042 €), because they occur twice in variant 4. They are not double
because the density of the loaded material differs between stage 1 and stage 2. The
pre-treatment costs are more or less the same for all variants. The variable
conversion costs are more or less the same for all variants and the fixed conversion
costs are exactly the same for all variants. The revenues in variant 4 with both straw
and Miscanthus are higher than in the variants 1 and 5 with only straw. The overall
financial profit of variant 4 is a bit higher than variant 3 because of the slightly higher
revenues.

Figure 18.
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Table 13. Main results Variant 4.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm) a) ICP1
b) ICP2
Transport amount (ton·km) a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP
Costs
Purchase costs (€)
Storage costs (€)

Transport costs (€)

Miscanthus

Total

6.5
4,324
2,549

6.5
15,315
8,435
Total:
55,022
39,233
517,577
388,319
Total:

6.5
19,639
10,984
30,623
70,454
50,918
662,006
504,299
1,287,677

209,474
31,013
17,081
107,464
59,187
Total:
6,743
4,808
57,303
42,992
Total:
19,909
10,965
14,536
8,006
Total:
1,171,976
645,482
252,826
139,248
Total:
712,495
Total

518,749
276,888
144,002
68,875
2,848,930
918,679
625,000
5,401,123

15,432
11,685
144,429
115,980

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

309,276
8,756
5,162
30,340
17,886

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

1,891
1,432
15,990
12,841

Loading/Unloading costs (€) a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP
Pre-treatment costs (€)

Straw

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

Variable conversion costs (€)
Fixed conversion costs (€)

5,621
3,314
4,104
2,419
330,885
195,055
71,381
42,078
206,183
-

Revenues
Electricity (€)
Heat (€)

-

Total

7,364,086
1,045,066
8,409,152

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

3,008,029
385,318
38,107
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Variant 5 – Power plant & two biomass yards; only straw (33%)
Characteristics variant 5 - Only 33% of the overall straw production, and 0% of the
grown Miscanthus is available as feedstock. Now there are again two intermediate
collection points (biomass yards indicated by two red circles in Figure 19), so all raw
biomass is first transported by truck to the intermediate collection points. The
intermediate collection points are located near to an area with high biomass
availability, while the power plant is located near to area with a high energy demand
(specified by the BeWhere model). Later on the pelletized biomass is transported
with a walking floor vehicle from the intermediate collection points to the separate site
of the power plant. Therefore, the biomass is loaded and unloaded twice in this
variant. At the intermediate collection points the raw biomass is first stored in open air
during an average of 4.5 months and then pelletized. At the site of the power plant
the received pellets are stored under a cover for again an average of 4.5 Months.
Before the pellets can be fed to the power plant they need to be grinded. The
demand of the power plant is 30,000 t dm per year.
Results variant 5 – The main results are shown in Table 14. The map with the
collection area of the Miscanthus is shown in Figure 19. The demand of the power
plant is completely met. The maximum collection distance is 17.5 km which is 15 km
lower than the collection distance in variant 1 but 11 km higher than variant 4 (also
with two intermediate collection points). So introducing two intermediate collection
points near higher biomass availability can indeed be more relevant when only straw
is available as biomass type. However, in this variant the total transport amount (a
combination of the first and second stage transport) is even higher viz. 1,541,015
(compared to 1,177,854 ton.km in variant 3 and 1,287,677 in variant 4) which is
about 2.2 times larger than the 709,961 ton.km in variant 1. This is caused by the
longer distance from the two intermediate collection points to the site of the power
plant and the larger collection area. The purchase costs of variant 5 are comparable
to variant 1 (also only straw). The storage costs (273,736 €) are again much higher
now compared to the variants 1 and 2, because there is both open air storage at the
first stage and more expensive covered storage at the second stage. The transport
costs of variant 5 (174,773 €) are 2.0 times higher compared to variant 1 (87,010 €),
because of the long transportation distances between the intermediate collection
point and the site of the power plant. Loading and unloading cost of variant 5 (68,091
€) are 1.7 times higher than in variant 1 (39,042 €), because they occur twice in
variant 5. They are not double because the density of the loaded material differs
between stage 1 and stage 2. The pre-treatment costs are more or less the same for
all variants. The variable conversion costs are more or less the same for all variants
and the fixed conversion costs are exactly the same for all variants. The revenues in
variant 5 with only straw are comparable with variants 1. The overall financial profit of
variant 5 is the lowest of the five variants, because of the relatively higher costs and
lower revenues.
37

D3.4 + D3.6 Annex 1

Table 14. Main results Variant 5.
Variable
Logistics
Maximum collection distance (km)
Collected biomass (ton dm) a) ICP1
b) ICP2
Transport amount (ton·km) a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP
Costs
Purchase costs (€)
Storage costs (€)

Transport costs (€)

Miscanthus

Total

17.5
14,826
15,448

0
0
0
Total:
0
0
0
0
Total:

17.5
14,826
15,448
30,274
164,309
178,566
495,230
702,910
1,541,015

0
0
0
0
0
Total:
0
0
0
0
Total:
0
0
0
0
Total:
0
0
0
0
Total:
0
Total

1,362,333
273,736
174,673
68,091
2,816,501
908,222
625,000
6,228,555

164,309
178,566
495,230
702,910

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

1,362,333
30,023
31,282
104,034
108,398

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

20,137
21,884
54,829
77,822

Loading/Unloading costs (€) a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP
Pre-treatment costs (€)

Straw

a) field to ICP1
b) field to ICP2
c) ICP1 to PP
d) ICP2 to PP

Variable conversion costs (€)
Fixed conversion costs (€)

19,274
20,082
14,072
14,662
1,134,567
1,182,155
244,756
255,022
908,222
-

Revenues
Electricity (€)
Heat (€)

-

Total

6,815,334
967,190
7,782,524

Profit
Financial profit (€)
Energy profit (GJ)
Net GHG avoided (ton CO2-eq)

-

-

1,553,969
359,421
35,477
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Figure 19.
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Map straw Variant 5.
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8. Conclusions and recommendations

8.1 Conclusions
The BeWhere model has been applied for the case study of Burgundy in order to
identify the optimal locations of bioenergy production plants. It should be emphasized
that the locations of the plants were highly driven by the location and amount of the
demand of heat over the transport collection of the feedstock at least for this
particular case study. The collection points of the biomass are nevertheless very well
concentrated around the production plants. Anyhow to validate those results,
LocaGIStics is a valuable tool for the simulation of the feedstock collection from the
plants determined from BeWhere. The quality check controls the feedstock collection,
capacity and therefore the validity of the chosen location.
The LocaGIStics model has especially been developed using the Burgundy case
study. Several logistical concepts have been tested in the Burgundy case. These are:
i) mixing different biomass types (straw as a biomass residue and Miscanthus as an
energy crop), ii) applying pretreatment technology (pelletizing) to densify the material
in order to lower the transportation costs and increase handling properties, iii)
switching between different types of transport means (truck and walking floor vehicle)
and iv) direct delivery to a power plant versus putting an intermediate collection point
in the value chain. Due to the nature of this development case less value should be
given to the exact results of the five variants that are described in this report.
However, these variants are perfect examples of what effects can be achieved if the
set-up of a lignocellulosic biomass value chain is changed, even if that change is only
slightly. So the case was used successfully to build a first version of the locaGIStics
tool. However, many improvements are still possible and could be achieved in future
project cases.

8.2 Recommendations
The BeWhere model has been applied for the case study of Burgundy, for which the
locations of the plants are mainly driven by the demand of the heat for the technology
potentially feasible. Anyhow the BeWhere model is a tool useful for policy planning,
which indicates what technology should be used in which region providing a specific
energy or emission target. The results of the model need further analysis from a
LocaGIStics model that will conduct a very detailed analysis of the economic
feasibility of setting up a new production plant in a particular region. For good energy
planning for biomass based industries, both models are very much complementary
and useful.
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Now the Burgundy case was primarily used for developing the new LocaGIStics
model. The variants that were presented in this report were especially aimed at
creating different circumstances for the model to be tested. The LocaGIStics model
was shown to potential users (agricultural advisors and the manager of BP) during a
field visit last July, and they confirmed that the tool was relevant to address the
design and optimization of their value-chains. However, for a ‘real’ logistical
assessment of this case study further research will need to be performed. The
LocaGIStics model can also still be further improved to make it more flexible so that it
can deal with a variety of different biomass value chain set-ups.
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Annex A. Example simple sheet Variant 3

Table A1.

Basic input data of Variant 3.
yellow =
calculated

orange = transfered from
LocaGIStics

Biomass basic
name
Higher Heating value [GJ/ton dm]
initial moisture content [kg moisture/kg total]
biomass costs at roadside [euro/ton dm]
energy use biomass at roadside [GJ/ton dm]

B1
B2
Straw Miscanthus
17.00
18.50
14.00
15.00
45.00
8.82
0.50
0.84

Form basic
description form
bulk density [kg dm/m3]
specific volume [m3/ton dm]

F1
bales
400
2.50

F2
pellets
590
1.69

S1

S2
covered
storage
0.92
0.00

Storage basic
name
costs [euro/m3.month]
energy use [MJ/m3.month]
Transport basic
name
maximum volume [m3]
maximum weight [ton]
variable vehicle costs per driven km [euro/km]
fixed vehicle costs per load [euro]
transport energy [MJ/km]
Loading/unloading basic

open air storage
0.18
0.00
FI to IC
truck
80
26.6
3.26
0.00
0

IC to PP
walking
floor
92.3
28
3.10
0.00
4.48

transport type being (un)loaded
loading costs [euro/m3]
unloading costs [euro/m3]
loading energy [MJ/m3]
unloading energy [MJ/m3]

truck
0.35
0.17
3.13
3.13

L2
walking
floor
0.31
0.25
3.00
3.00

Pretreatment
name
output form
pretreatment costs [euro/m3]
pretreatment energy [MJ/m3]
drying costs [euro/ton moisture]
drying energy [MJ/ton moisture]

P1
pelletising
pellets
30.61
505.00
0.00
0.00

P2
grinding
powder
9.74
360.00
0.00
0.00
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L1

F3
powder
320
3.13

P3
briquetting
briquettes
22.00
204.00
0.00
0.00
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Conversion
C1
name
combustion, grate boiler 5MWe, 10MWth
net energy returns electricity [usable GJ/GJ input]
25.00%
net energy returns heat [usable GJ/GJ input]
60.00%
evaporation energy moisture [GJ/ton moisture]
2.256
capacity input [ton dm/month]
2,500
working hours [per month]
583
fixed costs plant + conversion [euro /year]
625,000
variable costs conversion [euro/ton dm input]
30.00
energy use [GJ/m3]
0.0002
emission CO2 [mg/Nm3]
0
emission NOx [mg/Nm3]
472
emission SO2 [mg/Nm3]
0
emission dust [mg/Nm3]
3,000
Revenues
price electricity [euro/GJ]
price heat [euro/GJ]

PP
53.61
3.17

Legenda
Bx = biomass type;
Fx = form;
L = loading/unloading;
P = pretreatment;
C = conversion
IC = intermediate collection point;
PP = power plant;
FI = field.

Table A2.

Set-up of the input chain in Variant 3 with one intermediate collection point
(ICP1) and one power plant (PP1).

Chain
case description
calculation number
biomass chain name

Chain design
Biomass
biomass type
origin location
destination location
description form
bulk density [kg dm/m3]
specific volume [m3/ton dm]
biomass shipped fresh [ton fresh]
moisture content [kg moisture/kg total]
biomass shipped dry [ton dm]
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Case: Burgundy straw and miscanthus, variant:
102
803
bioenergy
Straw
Miscanthus
Straw to
ICP1 to Miscanthus
ICP1 to
ICP1
PP1
to ICP1
PP1

Straw
field
ICP1
bales
400
2.50
7,919
14
6,811

Straw Miscanthus Miscanthus
ICP 1
field
ICP1
PP1
ICP1
PP1
pellets
bales
pellets
590
400
590
1.69
2.50
1.69
7,484
27,291
25,774
9
15
10
6,811
23,197
23,197
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Storage
name
costs [euro/m3.month]
energy use [MJ/m3.month]
average storage time [month]

open air
storage
0.18
0
4.5

covered
storage
0.92
0
4.5

open air
storage
0.18
0
4.5

covered
storage
0.92
0
4.5

truck
80
26.6
3.26
0
0
38,202
26.6

walking
floor
92.3
28
3.1
0
4.48
227,495
28

truck
80
26.6
3.26
0
0
128,200
26.6

walking
floor
92.3
28
3.1
0
4.48
783,957
28

truck
0.35
0.17
3.13
3.13

walking
floor
0.31
0.25
3
3

truck
0.35
0.17
3.13
3.13

walking
floor
0.31
0.25
3
3

pelletising
pellets
30.61
505
0
0

grinding
powder
9.74
360
0
0

pelletising
pellets
30.61
505
0
0

grinding
powder
9.74
360
0
0

Transport basic
name
maximum volume [m3]
maximum weight [ton]
variable vehicle costs per driven km [euro/km]
fixed vehicle costs per load [euro]
transport energy [MJ/ton.km]
total transport [ton.km]
transported weigt per trip (if volume limited) [ton]
Loading/unloading basic
transport type being (un)loaded
loading costs [euro/m3]
unloading costs [euro/m3]
loading energy [MJ/m3]
unloading energy [MJ/m3]
Pretreatment
name
biomass output
pretreatment costs [euro/m3]
pretreatment energy [MJ/m3]
drying costs [euro/ton moisture]
drying energy [MJ/ton moisture]
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Table A3. Costs and revenues value chain of Variant 3.

Straw to
ICP 1
306,481
13,792
4,682
256
8,854
521,189
0
0
0

Costs
purchase costs [euro]
storage costs [euro]
transport costs [euro]
number of transports
loading/ unloading costs [euro]
pretreatment costs [euro]
drying costs [euro]
variable conversion costs [euro]
fixed conversion costs [euro]
total conversion costs [euro]

Sum
511,079
271,328
132,376
2,200
67,492
2,791,724
0
900,232
625,000
1,525,232

Revenues
electricity [euro]
heat [euro]

7,214,712 7,214,712
1,023,867 1,023,867

Straw
Miscanthus
(ICP 1) to
(ICP 1) to
Power Miscanthus
Power
Plant 1
to ICP 1
Plant 1
0
204,598
0
47,790
46,974
162,772
25,187
15,712
86,795
243
872
828
6,464
30,156
22,018
112,434
1,775,153
382,948
0
0
0
204,321
0
695,911
0
0
0

Table A4. Energy returns and use of Variant 3.

Returns
gross energy [GJ]
evaporation energy [GJ]
electricity [GJ]
heat [GJ]
Use
purchase energy [GJ]
average storage energy [GJ]
transport energy [GJ]
loading/ unloading energy [GJ]
pretreatment energy [GJ]
drying energy [GJ]
energy used for conversion [GJ]

46

Sum
544,927
6,616
134,578
322,987

Straw to
ICP 1
0
0
0
0

22,891
0
162
775
56,195
0
10

3,405
0
0
107
8,599
0
0

Straw
Miscanthus
(ICP 1) to
(ICP 1) to
Power Miscanthus
Power
to ICP 1
Plant 1
Plant 1
115,782
0
429,145
1,383
0
5,233
28,600
0
105,978
68,639
0
254,347

0
0
36
69
4,156
0
2

19,486
0
0
363
29,286
0
0

0
0
125
236
14,154
0
8
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Table A5. GreenHouse Gas avoided and emission of Variant 3.
Avoided (based on coal replacement)
electricity [CO2-equivalents]
heat [CO2-equivalents]

12,731
30,555

Emission (based on diesel consumption)
purchase GHG emission [CO2-equivalents]
average storage GHG emission [CO2-equivalents]
transport GHG emission [CO2-equivalents]
loading/ unloading GHG emission [CO2-equivalents]
pretreatment GHG emission [CO2-equivalents]
drying GHG emission [CO2-equivalents]
conversion GHG emission [CO2-equivalents]

1,702
0
12
58
4,178
0
1

Table A6. Example of the global results of Variant 3.

Total throughput [ton dm]:
from sources

30,008

Revenues and costs [euro]:
electricity revenues
heat revenues

7,214,712
1,023,867

purchase costs
storage costs
transport costs
loading/unloading costs
pretreatment costs
drying costs
conversion costs

511,079
271,328
132,376
67,492
2,791,724
0
1,525,232

total revenues

8,238,579

total costs
profit

5,299,231
2,939,348

total energy returns

457,564

total energy use
energy profit

80,032
377,532

Energy returns and use [GJ]:
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electricity returns
heat returns

134,578
322,987

energy used for purchase
energy used for storage
energy used for transport
energy used for loading/unloading
energy used for pretreatment
energy used for drying
energy used for conversion

22,891
0
162
775
56,195
0
10

D3.4 + D3.6 Annex 1

GreenHouse Gas avoided and emission[ton CO2-equivalents]:
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electricity GHG avoided
heat GHG avoided

12,731
30,555

GHG emission for purchase
GHG emission for storage
GHG emission for transport
GHG emission for
loading/unloading
GHG emission for pretreatment
GHG emission for drying
GHG emission for conversion

1,702
0
12
58
4,178
0
1

total GHG avoided

43,287

total GHG emission
net GHG avoided

5,950
37,337

Delivery of sustainable supply of non-food biomass to support a
“resource-efficient” Bioeconomy in Europe

S2Biom Project Grant Agreement n°608622

D3.4 + D3.6: Annex 2
Results logistical case studies
Aragon

22 November 2016

D3.4 + D3.6 Annex 2

About S2Biom project
The S2Biom project - Delivery of sustainable supply of non-food biomass to support a
“resource-efficient” Bioeconomy in Europe - supports the sustainable delivery of nonfood biomass feedstock at local, regional and pan European level through developing
strategies, and roadmaps that will be informed by a “computerized and easy to use”
toolset (and respective databases) with updated harmonized datasets at local,
regional, national and pan European level for EU28, Western Balkans, Moldova,
Turkey and Ukraine. Further information about the project and the partners involved
are available under www.s2biom.eu.

Project coordinator

Project partners

2

Scientific coordinator

D3.4 + D3.6 Annex 2

About this document
This report corresponds to D3.4+D3.6 of S2Biom. It has been prepared by:
Due date of deliverable:
Actual submission date:
Start date of project:
Duration:

31 October 2016 (Month 38)
22 November 2016
2013-01-09
36 months

Work package
Task
Lead contractor for this
deliverable
Editor
Authors

WP3
3.3
DLO

Quality reviewer

E. Annevelink
D. García Galindo, S. Espatolero, M. Izquierdo, I. Staritsky,
B. Vanmeulebrouk & E. Annevelink
R. van Ree
Dissemination Level

PU
PP
RE
CO

Public
Restricted to other programme participants (including the Commission Services)
Restricted to a group specified by the consortium (including the Commission Services):
Confidential, only for members of the consortium (including the Commission Services)

X

Version Date

Author(s)

Reason for modification

Status

0.1

28/07/2016

E. Annevelink

First version contents sent to WP3
partners with request for additions &
comments

Done

0.2

12/11/2016

D. García Galindo,
S. Espatolero &
M. Izquierdo

Draft report

Done

0.3

14/11/2016

E. Annevelink

Review of draft report

Done

1.0

22/11/2016

All

Final report

Done

This project has received funding from the European Union’s Seventh Programme for research,
technological development and demonstration under grant agreement No 608622.
The sole responsibility of this publication lies with the author. The European Union is not responsible
for any use that may be made of the information contained therein.

3

D3.4 + D3.6 Annex 2

Executive summary
The following report includes the analysis and results of the case study Aragón. It has
been developed in close cooperation with Forestalia Group. In 2016, Forestalia
started the promotion of the Monzón, Zuera and Erla power plants. These facilities
are located in the Region of Aragón and they are the main target of the case study
here presented. They were scoped to be fed only by means of energy crops wood,
but Forestalia Group is also interested in exploring the potential role of other biomass
resources. For the present case, the fuel mix targeted consists of 70% energy crops
and 30% agriculture residues. The aim of the case study consists of the definition of
the area of supplying nearby the plants and the determination of the biomass cost at
the plant gate for each feedstock and for every supply chain concept.
Within this case study, CIRCE and WUR-FBR have made use of LocaGIStics for
determining the feedstock potential and the supply cost of biomass at plant gate
considering the three power plants together and separately. In first place, available
potential of different agricultural residues has been obtained in order to select main
feedstock options. Finally, the case study has been focused on two main biomass:
straw and stalk from annual crops (winter cereals, summer cereals, sunflower) and
wood from olive, fruit and vineyard plantations removal, both above ground and
underground biomass. Then, for each feedstock option, different supply chains have
been defined.
-

Herbaceous agricultural residues
o Case 1.1: straw and stalk from annual crops

-

Wood from olive, fruit and vineyard plantations removal
o Case 2.1: UGB: small plantations, removal and transport to collection
point done by farmer.
o Case 2.2: AGB and UGB: small and medium plantations in areas with
relevant density of permanent crops; removal in charge of Forestalia
Group.
o Case 2.3: AGB and UGB separated: large plantations, removal in
charge of Forestalia Group. Biomass obtained separately to avoid
mixing.

Based on these supply chains, some scenarios were analyzed by LocaGIStics for the
two feedstock options in terms of the number of power plants and their sites, the
biomass availability, the total demand per plant and the presence of collection points.
Case 1.1 results show the amount of herbaceous biomass is enough to cover the
annual needs of the three power plants in any case. Competition problems appear
between Erla and Zuera power plants and consequently, biomass collecting
distances are higher than for Monzón power plant supply. Regarding the final price at
4
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gate, Monzón power plant always shows the minimum value, between 43-44 €/t dm.
Although Erla and Zuera have a similar fuel price at gate considering 100% biomass
availability, in the case of Erla power plant, this price yields a remarkable increase
when just a 50% of biomass is available. When the power plants are analyzed
individually, the results are different since competition between plants does not take
place. The Monzón power plant seems to be the one with lower distances but when
just 25% of biomass is available, the collection distance increases above the other
two power plants.
Regarding wood plantations removal option, there is not enough biomass close to the
different sites in order to cover the whole demand of the power plants (not even one
of them). Two of the supply chain concepts proposed (Case 2.1 and Case 2.2) have
a purchase cost higher than the price at gate limitation considered by Forestalia
Group (57 €/t dm), so it is obvious than both chains are not feasible with this price at
gate limitation. The Case 2.3 supply chain is the most promising one. Prices are
below the Forestalia limitation for all the power plants. Comparing now the three
locations, Monzón suffers lower competition effects than Erla and Zuera and it shows
the lowest price at gate.
In order to complete the analysis, the Zuera power plant was studied alone for
obtaining the variation of the results regarding the availability percentage from 100%
to 25%. To this context, availability has not significant influence on price at gate (€/t).
However, biomass collected amount is reduced from 60,000 t (100%) to 24,600 t
(25%) and maximum distance is also increases from 82 to 130 km.
Some conclusions and recommendations have been proposed after results analysis.
For instance, the use of collection points would improve the management of the straw
and stalk supply chain. Transport cost would be slightly higher but the supply security
would be higher too and in addition, pretreatment costs could be reduced. Regarding
wood removal, supply chains Case 2.1 and Case 2.2 are not profitable. So, a solution
could be that the collection points where farmers dump their residues ask for a fee to
the farmers or increase the service price. Pretreatment operations at the power plant
with static equipment reduce costs in comparison to mobile units (e.g., primary
crusher could be moved to the fields and then the shredded material to be
transported directly to the power plant, where static screening and chipping machines
would treat the material. Case 2.3 is by far the most suitable. It is based on large
fields, and therefore, the best conditions are available.
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1. Introduction

The case study Aragon has been developed in close cooperation with Forestalia
Group. The Forestalia Group was established in 2011 in Zaragoza (Aragón, Spain)
and it is focused on wind energy and energy crops. Currently, it owns energy crops in
Spain, France and Italy, it is building the largest pellets facility in Spain and it
promotes biomass power plants all around the country. In 2016, Forestalia Group
started the promotion of five new power plants in Spain: Monzón (Huesca): 49,5 MW,
Zuera (Zaragoza): 49,5 MW, Erla (Zaragoza): 49.5 MW, Cubillos del Sil (León): 49.5
MW, La Vega Requena (Valencia): 15 MW and Lebrija (Sevilla): 9.98 MW. The
Monzón, Zuera and Erla power plants are located in the Region of Aragón and they
are the main target of the case study here presented.

Figure 1. Forestalia Group biomass power plants location (Aragón, Spain).

The three power plants are going to be identical in power. They were scoped to be
fed only by means of energy crops wood, but Forestalia Group is also interested in
exploring the potential role of other biomass resources. For the present case, the fuel
mix targeted consists of 70% energy crops and 30% agriculture residues. Forestalia
Group would control the expansion of energy crops for the future procurement of the
power plants, but, is also studying the availability of the different biomass types close
to their facilities in order to complete the total fuel needs of the plants.
Within this case study, CIRCE and WUR-FBR have made use of LocaGIStics for
determining the feedstock potential and the supply cost of biomass at plant gate
considering the three power plants together and separately. In first place, available
potential of different agricultural residues has been obtained, then two types of
9
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agricultural residues have been selected and finally, four different supply chains have
been implemented and analyzed with LocaGIStics.

1.1 Aim of logistical case studies
The aim of the case study consists of the determination of the biomass cost at the
plant gate for each feedstock and for every supply chain concept. In this particular
case, Forestalia Group has already defined the conversion technology for their power
plants (circulating fluidized bed boilers), thus the target of the logistical study is the
calculation of the fuel price and the definition of the area of supplying nearby the
plants.

1.2 Content of report
This report includes a brief introduction of the context and scope of the case study.
Then, within section 3, can be found a description of the location and the biomass
potential in the site close to the power plants in the region of Aragón. In addition, the
supply chains are defined for the different feedstock options. The type of data
requirements and the actual data used for the case study are presented in section 4
and section 5, respectively. Finally, the results are including in section 6. For each
scenario, the main results table and the collection areas for every power plant are
established and here presented. In section 7, some conclusions and
recommendations are proposed.

10
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2. Assessment methods for logistical case studies

Various logistical assessment methods have already been described in Deliverable
D3.2 ‘Logistical concepts’ (Annevelink et al., 2015). From these methods, the
following three have been chosen for further assessments in the logistical case
studies for the S2Biom project viz.:
•
•
•

BeWhere for the European & national level;
LocaGIStics for the Burgundy and Aragón case study at the regional level;
Witness simulation model for the Finnish case.

BeWhere and LocaGIStics have been closely interlinked so that LocaGIStics can
further refine and detail the outcomes of the BeWhere model and the BeWhere
model can use the outcome of the LocaGIStics model to modify their calculations if
needed. The relationship between BeWhere and LocaGIStics in the S2Biom project
is given in Figure 2. These tools are described in further detail in D3.5 ‘Formalized
stepwise approach for implementing logistical concepts (using BeWhere and
LocaGIStics) so please consult that deliverable to understand the tools. The Witness
simulation model was not used for the Burgundy case.

Figure 2. Relation between BeWhere and LocaGIStics.
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3. Set-up of the case study

3.1 Introduction
Forestalia Group is promoting three new biomass power plants in Aragon region. The
electrical power output of these facilities is 49.5 MWe each one. The fuel fed into the
boiler is a mix of 70% energy crops and 30% agricultural residues. The objective of
this case study consists of determining the biomass availability of the agricultural
residues and the optimum logistic supply chain. For this purpose, the tool
LocaGIStics has been used in order to obtain the biomass cost supply at plant gate.

3.2 The region
The area of interest for the case study covers Aragon region (see Figure 1). The total
area is about 47,719 km2. In a very first approach for the accounting of the biomass
potential, a 50 km radius around the location of the three power plants was defined.
Specific datasets available from CIRCE projects were utilized. Once the area of
interest was set, the surfaces corresponding to the different crops were quantified in
every spatial unit’s NUTS-5 (see Figure 3).

Figure 3. Area of interest for preliminary biomass potential quantification

12
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Then, the different agricultural crops have been ranked and some of them have been
chosen according to their presence in the zone of interest, their available potential
and the residues characteristics (see Table 1 and Table 2). The total potential refers
to the total agricultural residues produced per year (theoretical potential) and the
available potential refers to the biomass without any other competitive use and
therefore, it can be totally used as energy biomass (technical and competitiveness
constraints have been accounted, though economic restrictions have not been
applied). So, it is not fully comparable with the datasets produced at EU level in
S2Biom WP1, where theoretical, technical, base and user defined potentials are
being utilized. It must be noted that for the present work the specific databases for
Aragón are being utilized, instead of the generic NUTs3 datasets produced by
S2Biom for the whole Europe.
Table 1.

GROUP

Winter
cereals
(straw and
stalk)

Summer
cereals
(straw and
stalk)
Dry fruit
(prunings)

Stone fruit
(prunings)

Seed fruit
(prunings)
Olive
(prunings)
Vineyard
(prunings)
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Area and biomass potential (wet basis, straw and stalk: 10% humidity, 20%
humidity prunings).

CROP

TOTAL
POTENTIAL
(t/year)

AREA
(ha)

AVAILABLE
POTENTIAL
(t/year)

GROUP
AVAILABLE
POTENTIAL
(t/year)

Barley

317,058

884,592

176,918

Wheat

188,218

530,775

106,155

Oat

9,160

18,870

3,774

Rye

1,731

2,692

538

74,990

301,460

211,022

952

1,428

286

Almond

21,089

27,416

24,674

Peach

17,199

38,285

34,456

Cherry

1,048

1,515

1,364

Apricot

627

962

866

Plum

360

553

497

Pear

12,243

45,054

40,549

Apple

4,552

13,943

12,548

Olive oil

16,676

20,862

16,689

16,689

Grape

11,215

23,866

21,479

21,479

287,386

Maize

211,307
Sorghum

24,674

37,184

53,097

D3.4 + D3.6 Annex 2

AREA
(ha)

TOTAL
POTENTIAL
(t/year)

AVAILABLE
POTENTIAL
(t/year)

GROUP

CROP

Industrial
(straw and
stalk)

Sunflower

8,430

13,404

9,383

Rapeseed

1,273

1,910

955

Table 2.

10,337

Area and biomass potential. Wood from fruit, vineyard and almond plantations
removal (above ground and underground biomass).

AREA
(ha)

TOTAL
POTENTIAL
(t/year)

AVAILABLE
POTENTIAL
(t/year)

Fruit

36,029

36,029

25,220

Vineyard

11,215

5,608

4,486

Almond

21,089

15,817

11,072

Fruit

36,029

25,220

25,220

Vineyard

11,215

4,486

4,486

Almond

21,089

11,599

11,599

ABOVE GROUND
BIOMASS

Wood

GROUP
AVAILABLE
POTENTIAL
(t/year)

GROUP
AVAILABLE
POTENTIAL
(t/year)

40,778

UNDER GROUND BIOMASS

Wood

Figure 4. Percentage distribution agrarian residues close to power plants sites
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Considering the availability of the different agricultural residues located close to the
power plants sites, Forestalia Group and Circe decided to focus the case study on
two main feedstock options (Figure 4):
-

Straw and stalk from annual crops (winter cereals, summer cereals, sunflower)
Wood from olive, fruit and vineyard plantations removal, both above ground
and underground biomass.

Even though pruning wood could also represent a relevant source of energy, it was
discussed that the logistics depend too much on each farmer’s willingness. The
business model chosen for the exploitation of pruning wood may vary from farmer to
farmer, even if all of them supply biomass to a single facility (the EuroPruning project
(Deliverable report D5.1) has described this situation for several large facilities
consuming pruning wood from hundreds of farmers). Therefore, it was considered
that a generic modelling that describes a single type of farmer would not be
representative.
Taking into account these two options (cereal straw and stalks, and wood from olive,
vineyards and fruit plantation removals), more than 80% of agrarian residues are
being considered by Forestalia Group. Straw and corn stalks amount to more than
500,000 tonnes of available biomass (energy use) per year and wood from olive, fruit
and vineyard plantations removal represents almost 100,000 tons per year.

3.3 Biomass value chains
For each feedstock option, different supply chains have been defined as follows:

15

-

Option 1: Herbaceous agricultural residues
o Case 1.1: straw and stalk from annual crops delivered just in time from
the original storage sites, to the power plants

-

Option 2: Wood from olive, fruit and vineyard plantations removal, considering
either the utilization of local collection points, or direct delivery from the fields,
whenever the conditions allow it. The biomass in Aragón to be collected by
one of the three alternative schemes:
o Case 2.1: underground biomass (UGB): small plantations, removal and
transport to collection point done by farmer.
o Case 2.2: above ground biomass (AGB) and underground biomass
(UGB): small plantations and medium plantations in areas with some
relevant density of permanent crops; service for restoring field (up-root
trees and restore soil) and for wood recovery to be carried by
Forestalia Group.
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o Case 2.3: above ground biomass (AGB) and underground biomass
(UGB) separated: large plantations, removal in charge of Forestalia
Group, who would offer the service to remove plantations and restore
the field. Biomass obtained separately to avoid mixing the aboveground
part (free from stones) from the underground biomass (including
substantial amounts of soil and stones)
These value chains have been discussed among Forestalia Group and
CIRCE as the preliminary value chains to be implemented for the future
procurement of straw, stalks and woody residues from fruit, grape and olive
plantations removed. The operations for the biomass supply could be
executed either by third parties (existing biomass suppliers, new
entrepreneurs), or be partially covered by Forestalia Group. This shows
that a variety of opportunities for business could be created to cover the
biomass demand of Forestalia plants.
In respect the cases of the value chains for the wood obtained from olive,
fruit and vineyard plantations removal, it is worth mentioning that they are
complementary value chains models to cover the supply of the plantation
removal wood from the whole Aragon territory. In other words, three
alternative supply schemes have been initially considered as the best
solutions to gather the maximum wood residues from the heterogeneous
reality of the vineyards, olive grove and fruit plantations in the region.
As initial approach, the logistics for case 2.1, 2,2 and 2.3 consider the use
of a mobile equipment (mounted on trucks) performing next operations:
shredder (primary biomass comminution), screening system, and chipper
(secondary comminution).
The main requisites determining the biomass that can be collected by each
supply scheme is shown in Table 3.
Table 3.

Specific requirements to determine if the biomass from vineyards, olive groves
and fruit plantations is collected through Case 2.1, case 2.2 or case 2.3 value
chains.

Case Requirement

Part of the available potential covered

2.3

Biomass produced in areas densely
populated by permanent crops, and where
large fields are usual.
Access to fields allow mobilising the whole
mobile equipment.
It represents the biomass with less
constraints in terms of logistics.
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Parcels of more than 2 ha: allow a 1 day
operation of the mobile
Density of vineyards, olive groves and fruit
plantations: a minimum of 800 ha in a radius
of 10 km. Assuming rotation every 20 years,
40 ha/yr are being uprooted in the nearness,
ensuring that the mobile equipment can work
in the area for more than 1 week (>1200 t).

D3.4 + D3.6 Annex 2

2.2

Parcels of more than 0.25 ha: allows the
gathering of sufficient material to complete a
trip with a large agrarian trailer or a dumper
3
(50 m of capacity).
Density of vineyards, olive groves and fruit
plantations: a minimum of 400 ha in a radius
of 10 km. Assuming rotation every 20 years,
20 ha/yr are being uprooted in the nearness,
ensuring that the mobile equipment can work
in the area for more tha1 week (> 600 t)

Biomass produced in areas well populated
by permanent crops, even though parcel size
is smaller than 2 ha.
It represents intermediate interesting areas,
where concentration still may allow that a
company specialises in retrieving the wood
residues.

2.1

Not accomplishing requirements for 2.2 or
2.3 cases

Remaining potential, meaning the biomass in
dispersed fields, small fields. It is assumed
that farmer will produce some firewood out of
the aerial part, and the roots will be loaded
on their trailers and deposited in local
collection points in the nearness.

3.3.1. Case 1.1: straw and stalk from annual crops
In this supply chain concept, the farmers, cooperatives or local biomass suppliers are
in charge of collecting and storing the herbaceous residues. They behave as
suppliers, and it is assumed they organize themselves locally in the most adequate
way. Then, Forestalia takes care of the further biomass collection. It sends a platform
truck, loads the bales on field with a telehandler or tractor and finally, transports the
biomass directly to the power plant (without intermediate collecting points, just in
time). Figure 5 sums up the supply chain and it sets the logistical concept boundaries
in order to define the final input data and output results.

Figure 5. Case 1.1: supply chain for straw and stalk from annual crops.
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3.3.2. Case 2.1: UGB from small plantations, removal and transport to
collection point by farmer
This case considers small parcels, of 0.25 ha or less, or other fields even of larger
size, but in areas where the permanent crops are not predominant. In such cases the
biomass produced per field is not expected to be more than 5 t, which is insufficient
to make economic the mobilization of heavy machinery mounted on truck like primary
shredders or forestry chippers.
The farmer cooperative or field owner is in charge of cleaning their own plantations.
This case assumes that the farmer is interested in the firewood. It assumes that
farmer will have to burn the roots in piles. So we consider here that farmers will keep
AGB for firewood, hence it is not available. The case proposes that Forestalia Group
offers a local collection point (kind of an authorized area for dumping the UGB, that is
the roots). The collecting point would be the property of Forestalia Group or a local
biomass supplier.
Then, when a collecting point accumulates sufficient biomass to work for at least for
one week, Forestalia Group would send a mobile unit consisting of a primary crusher,
a screening system, and chipper. Biomass produced would be loaded to a large
capacity truck, a walking floor truck, and Forestalia would then transport the biomass
directly to the power plant. We are going to consider that the biomass acquisition cost
is 0 €/t as starting point (the owners of the plantations are not asked for a fee to
dispose the roots in the local collection point).
It must be noted that here the “roadside” site is considered the local collection points.
From there on the transporting costs of treatment, load, transport and download,
have to be added.

Figure 6.

18

Case 2.1: supply chain for UGB from small plantations, remove and transport to
collection point by farmer
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Figure 6 sums up the supply chain and it sets the logistical concept boundaries in
order to define the final input data and output results. In this case, biomass
processing costs have been implemented per ton, by considering an equivalent cost
as an external service company would ask for carrying out the service.
3.3.3. Case 2.2: AGB and UGB from small plantations, removal and transport to
collection point by Forestalia Group
In this case it is considered that parcels are larger than 0.25 ha, smaller than 2 ha,
but having a density in 5 km radius of at least 400 ha (see details in table 3). In other
words, that we ensure there are sufficient fields of a minimum size of 0.25 ha in the
area of 5 km, to make appealing for a company to start organizing a new
procurement. Assuming an average of plantation removal of 20 years period, it
ensures 20 ha to be removed per year. Assuming net wood (AGB+UGB) of 40 t/ha
(fresh matter), a total of 800 t/yr could be collected, which ensures that a collection
point could maintain sufficient wood (every year) to operate there for a whole week,
and then to displace the mobile equipment to another collection point in a nearby
area (e.g. 5 to 10km in distance, depending the zone). In such case Forestalia Group
or a local subcontractor could invest in a mobile unit including primary shredder,
grinder and a chipper.
In this case it was considered that due to the size of the fields, many of them may not
allow the mobilization of heavy machinery and the circulation of large walking floor
trucks. Therefore, it is assumed that the best option is to uproot the whole tree and
load it on dumper trucks or agricultural trailers to transport it to local the collection
point in the area.
Forestalia Group in this case is in charge of providing the service of uprooting the
whole tree, withdrawing the wood from the field, and restoring soil conditions. We
consider here that both AGB and UGB are going to be collected. The primary
transport to the local collection points would be done with 40 m3 agricultural trailers
towed by tractor.
There Forestalia Group processes the biomass (primary crusher, screening and
chipping) and would load a walking floor truck and to transport the biomass directly to
the power plant. In this case, we are going to consider a balance between how much
does the service cost and how much would a farmer pays to get the service done.
That gives us an initial value of acquisition cost as starting point. The calculation is
presented in detail within the following section.
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Figure 7.

Case 2.2: supply chain for AGB and UGB from small plantations, remove and
transport to collection point by Forestalia Group.

3.3.4. Case 2.3: AGB and UGB from large plantations, separate removal by
Forestalia Group
In this case the target fields are those which size is larger than 2 ha, and sufficient
density of crops in the area, with at least 800 ha in 10 km radius (as explained in
Table 3). In this case the idea is that large fields allow to work for one day per field (at
least 80 t/field). And the density of permanent crops in the area ensures that the
mobile units can easily go to another field to continue their work day after day.
In this case either a subcontractor or Forestalia Group is in charge of collecting the
biomass. They do the service of restoring the field to be ready for starting a new crop.
In this case the work is carried out in two stages, in order to obtain separately the
wood from the AGB (clean, without soil and stones) and from the UGB (not clean,
requiring some treatment before being chipped). All biomass is obtained, but AGB
and UGB are treated separately. Figure 8 shows the case regarding AGB. In this
case, wood is clean and thus, just a chipping is needed (no need of primary
shredding and screening). This chipping is carried out in the field and then a walking
floor truck is loaded and it transports the biomass directly to the plant (without
intermediate collecting points, just in time).
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Figure 8. Case 2.3: supply chain for AGB from large plantations, removed by Forestalia Group.

Figure 9 shows the case regarding UGB. In this case, wood is not clean so,
Forestalia Group processes the biomass in three stages: primary crusher, screening
and chipping. Operations are carried out at field side and biomass loaded in a
walking floor truck and to be transported directly to the plant (without intermediate
collecting points, just in time).

Figure 9. Case 2.3: supply chain for UGB from large plantations, removed by Forestalia Group.

Again, an acquisition cost must be calculated considering the balance between the
service price (price paid by the farmer to receive the service) and all the operational
costs. This acquisition value is included in following sections and it is the same for
both subcases.
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4. Type of data requirements for the case studies

4.1 Introduction
The type of data that are needed to run the model depends on the definition of the
logistical supply chain and its limits. In Case Study Aragon, no conversion
technologies have been considered since Forestalia Group has already defined their
facilities (49 MWe CFB units). Therefore, the limits of the model run in LocaGIStics
are the following:
-

-

Main input data: biomass cost at the roadside landing. This parameter
depends on the feedstock option and the case analysis. In some cases, it is
easy to define and the value is given by the market prices in the region.
However, in other cases, this cost has been obtained taken into account
biomass processing before entering LocaGIStics model.
Main output result: final biomass cost after logistical chain at the plant gate.
This value is of special interest for Forestalia Group since they need to know
the final cost of fuel in an accurate way in order to obtain the revenues of the
different power plants.

The rest of the data required to complete the case study are presented in the
following sections.

4.2 LocaGIStics
The LocaGIStics model needs the data that are described in Table 4 and 5.
Table 4.

Description of the set-up of the biomass value chain.

Category

Attribute description (unit)

Biomass value chain

General description of the set-up of the biomass value chain, including
variants and specific questions (e.g. intermediate collection points
included or not) that could be addressed by the LocaGIStics tool in the
case study (text)
Number of biomass yards (number)
Coordinates of possible locations for intermediate collection points
(plus map-projection)
Number of conversion plants (number)
Coordinates of possible locations for conversion plants ( plus mapprojection)
Locations where conversion plants or intermediate collection points
should not be placed (e.g. Natura 2000 regions)
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Table 5.

Required data for LocaGIStics.

Category

Attribute description (unit)

Biomass characteristics

Biomass type(s) available (name)
3

Bulk density per biomass type (kg dm/m )
Higher heating value per biomass type (GJ/ton dm)
Moisture content at roadside per biomass type (kg moisture/ kg total)
Biomass availability

Amount of biomass available per source location/grid cell (ton dm/year)
(this should be as detailed as possible, e.g. Nuts4 or Nuts5 or even at
parcel level, please add GIS file (shapefile) with locations)
Description of form/shape (name) e.g. bales or chips
Costs at roadside per biomass type (€/ton dm)
Energy used for biomass production (GJ/ton dm)
GHG emission used for biomass production (ton CO2-eq/ton dm)

Storage

Type of storage per specific location (name)
3

Capacity per storage type per location (m )
3

Costs per storage type per location (€/m .month)
3

Energy used per storage type per location (MJ/ m .month)
GHG emission per storage type (ton CO2-eq/ton dm)
Logistics

Type of available transport means for each part of the chain (name)
Detailed road/rail network (could be taken from open street maps)
3

Maximum volume capacity per transport type (m )
Maximum weight capacity per transport type (ton)
Costs variable per transport type (€/km)
Costs fixed per transport type (€/load)
Energy used per transport type (MJ/km)
GHG emission per transport type (ton CO2-eq/ton dm)
Handling

Type of available handling equipment per specific location (name) e.g.
for loading and unloading
3

Costs handling equipment per type (€/m )
3

Energy used per handling equipment type (MJ/m )
GHG emission per handling equipment type (ton CO2-eq/ton dm)
Pre-treatment

Type of pre-treatment needed per specific location (name)
Description of output form/shape (name) e.g. chips, pellets
3

Costs of pre-treatment per type (€/m )
3

Energy input of pre-treatment per type (MJ/m )
GHG emission per pre-treatment type (ton CO2-eq/ton dm)
Conversion

Technology type per conversion plant (name)
Net energy returns electricity (usable GJ/GJ input *100%)
Net energy returns heat (usable GJ/GJ input *100%)
Capacity input (ton dm/year or ton dm/month)
Working hours (hours/month)
Costs conversion plant fixed (€/year)
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Costs conversion variable (€/ton dm input)
3

Energy use for conversion (GJ/m )
3

Emissions CO2 (mg/Nm )
3

Emissions NOx (mg/Nm )
3

Emissions SO2 (mg/Nm )
Revenues

Price electricity (€/GJ)
Price heat (€/GJ)
Price other type(s) of (intermediate) products (€/ton)
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5. Actual data used for case study

5.1 Aragón tailored biomass assessment
Herbaceous biomass residues
The biomass assessment for herbaceous biomass residues bases on the previous
work carried out by CIRCE in the framework of the ACVCOCO project (CIRCE,
2008). It utilizes a series of ratios (t/ha) that are applied to the area gown by NUTs5
(municipality level). Ratios can be consulted at Royo et. al 2009. The NUTs5 data
refers to 2011 data published by Caja Duero, 2012. The theoretical biomass has
been transformed into available biomass by multiplying the theoretical by a coefficient
of reduction representing the current competitiveness, as obtained by CIRCE from
previous projects. Reductions to be applied to the theoretical potentials were: 80% for
winter cereal straw, 40% for rice straw, and 30% for sunflower and maize stalks.
These coefficients indicate that cereal straw is being already object of use, especially
as cattle feedstock, bedding, and some industrial uses, like the biomass power plant
of Sangüesa (in Navarra, northwestern neighboring region). It also shows how the
residues of sunflower and maize are not being utilized currently in the region.
Data at municipal level was transformed by WUR-FBR into a grid dataset of
2.5x2.5km size as input data for Locagistics.
Woody residues from vineyard, olive grove and fruit plantation removals
In respect the data from permanent crops, the data by municipality was insufficient. In
order to know the biomass handled by the complementary value chains of case 2.1,
2.2 and 2.3, it was necessary to know the parcel size, and the density of cropped
land in radius of 5 km and 10 km (requisites explained in Table 3).
It was crucial for such purpose to obtain the SIGPAC data from Aragón, the inventory
of agrarian parcels provided by the Ministry of Agriculture (Agricultural Plots
Geographical Information System). The data was obtained from, provided by
municipality, and required a total of 364 downloads. Data was obtained from the
official Aragón spatial data infrastructure system: http://idearagon.aragon.es
Data contained all the agricultural and forestry parcels. Parcels coded as permanent
crops were selected and merged into a sole file with QGIS 2.14.0-Essen software.
The merged file contained more than 300,000 parcels. The biomass for each parcel
was calculated on the base of its area and a production ratio of aerial and
underground biomass (internal CIRCE data). The availability was considered 90% for
all permanent crops (10% reduction coefficient applied to the theoretical potential).
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The criteria for splitting the available potential into the potentials to be mobilized
through the value chains of Case 2.1, 2. 2 and 2.3 was applied following the
indications of Table 3. It required QGIS operations of parcel selection by size and
density in an area through neighborhood statistics plugging (LecoS - Landscape
Ecology Statistics 1.9). The results were three different complementary shapefiles as
next:
•
•
•

Case 2.1: containing 201,022 parcels, adding a total of 9714 t/yr of dry matter
biomass
Case 2.2: containing 91,613 parcels adding a total of 54,022 t/yr of dry matter
Case 2.3: containing 9,093 parcels adding a total of 34,612 t/yr of dry matter

As observed the case 2.1 for small parcels provides the lower amount of biomass,
exemplifying the difficulty to establish a logistics value chain from obtaining this
biomass. This is coherent with the sense of Case 2.1, where it is assumed that
establishing a logistic chain from fields is unfeasible, and the biomass procurement
bases on the fact that farmers may find interesting to dispose their rootstocks into a
local collection point instead of performing the burning in the open air.
As observed case 2.2 involves more than 91,000 parcels able to provide 54,022 t/yr
of dry matter, and 2.3, provides up to 34,612 t/yr of dry matter from barely 9,000
parcels. Logistics are therefore more favorable from Case 2.1 (most difficult) to case
2.3 (more advantageous).
Data from the three shapefiles was transformed by WUR-FBR into a grid dataset of
2.5x2.5km size as input data for Locagistics.

5.2 General data
Below are included the tables containing the main general data for the cases 1, 2.1,
2.2 and 2.3.
Table 6.

Case 1.1: straw and stalk from annual crops.

Category

Attribute description (unit)

Biomass characteristics

Straw and stalk from annual crops (maize, sunflower, winter cereals)
Bulk density: 400 kg dm/m

3

Higher heating value: 15-20 GJ/ton dm
Moisture content at roadside: 0.15 kg moisture/ kg total
Biomass availability

Amount of biomass required: 120,000 t/year
Description of form/shape: bales
Costs at roadside: 38.82 €/ton dm

Storage
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Logistics

Type of available transport: platform truck
Detailed road/rail network (could be taken from open street maps)
Maximum volume capacity per transport type: 80 m

3

Maximum weight capacity per transport type: 26.6 ton
Costs variable per transport type: 2.128 €/km
Handling

Type of available handling equipment: manitou machine / tractor
Loading cost: 0.564 €/m

3

Unloading cost: 0.564 €/m

3

Pre-treatment

No pre-treatment

Output cost

Maximum cost at gate: 47.06 €/ton dm

Table 7.

Case 2.1: wood plantations removal UGB: small plantations, removal and
transport to collection point done by farmer.

Category

Attribute description (unit)

Biomass characteristics

Wood plantations removal (UGB)
Bulk density: 250 kg dm/m

3

Higher heating value: 15-20 GJ/ton dm
Moisture content at roadside: 0.30 kg moisture/ kg total
Biomass availability

Amount of biomass required: 120,000 Mt/year
Description of form/shape: roots
(*)

Costs at roadside : 0.0 €/ton dm
Storage

Type of storage: pile
Costs per storage type: 0.5 €/t

Logistics

Type of available transport: walking floor truck
Detailed road/rail network (could be taken from open street maps)
Maximum volume capacity per transport type: 90 m

3

Maximum weight capacity per transport type: 22.5 ton
Costs variable per transport type: 1.5 €/km
Handling

Type of available handling equipment:
Loading cost: 1.0 €/t fm
Unloading cost: 0.5 €/t fm

Pre-treatment

Primary crusher cost: 15.0 €/t
Screening cost: 11.0 €/t
Chipping cost: 11.5 €/t

Output cost

Maximum cost at gate: 40 €/t fm (30% moisture content)

(*) Cost at roadside is referred to the start of the supply change, i.e. the local collection points (see figure 5 in section 3.3.2)

27

D3.4 + D3.6 Annex 2

Table 8.

Case 2.2: wood plantations removal AGB and UGB: small plantations, removal
in charge of Forestalia Group.

Category

Attribute description (unit)

Biomass characteristics

Wood plantations removal (AGB and UGB)
Bulk density: 250 kg dm/m

3

Higher heating value: 15-20 GJ/ton dm
Moisture content at roadside: 0.40 kg moisture/ kg total
Biomass availability

Amount of biomass required: 120,000 Mt/year
Description of form/shape: roots and tree
(*)

Costs at roadside : 13.3 €/ton dm
Storage

Type of storage: pile
Costs per storage type: 0.5 €/t

Logistics

Type of available transport: walking floor truck
Detailed road/rail network (could be taken from open street maps)
Maximum volume capacity per transport type: 90 m

3

Maximum weight capacity per transport type: 22.5 ton
Costs variable per transport type: 1.5 €/km
Handling

Type of available handling equipment:
Loading cost: 1.0 €/t fm
Unloading cost: 0.5 €/t fm

Pre-treatment

Primary crusher cost: 15.0 €/t
Screening cost: 11.0 €/t
Chipping cost: 11.5 €/t

Output cost

Maximum cost at gate: 40 €/t fm (30% moisture content)

(*) Cost at roadside is referred to the start of the supply change, i.e. the local collection points (see figure 6 in section 3.3.3)

Table 9.

Case 2.3: wood plantations removal AGB and UGB separated: large plantations,
removal in charge of Forestalia Group.

Category

Attribute description (unit)

Biomass characteristics

Wood plantations removal (AGB and UGB)
Bulk density: 250 kg dm/m

3

Higher heating value: 15-20 GJ/ton dm
Moisture content at roadside: 0.50 kg moisture/ kg total
Biomass availability

Amount of biomass required: 120000 Mt/year
Description of form/shape: roots and tree
(*)

Costs at roadside : 45.8 €/ton dm
Storage

No storage

Logistics

Type of available transport: walking floor truck
Detailed road/rail network (could be taken from open street maps)
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Maximum volume capacity per transport type: 90 m

3

Maximum weight capacity per transport type: 22.5 ton
Costs variable per transport type: 1.5 €/km
Handling

Type of available handling equipment:
Loading cost: 0.0 €/t fm
Unloading cost: 0.5 €/t fm

Pre-treatment

No pre-treatment

Output cost

Maximum cost at gate: 40 €/t fm (30% moisture content)

(*) Cost at roadside is referred to the start of the supply change, i.e. fieldside (see figures 7 and 8 in section 3.3.4)

5.3 Costs Case 1
Case 1 considers roadside cost is the purchase price of the biomass (38.82 €/ton
dm). Costs of loading and transport have to be added. No further costs involved till
the delivery. Therefore, the costs at gate are simply estimated as sum of both items.

5.4 Costs Case 2.1
Case 2.1 considers roadside cost is 0 €/ton dm, as it is figured that farmers will
transport the rootstocks with their own means to the local collection point. Therefore
no costs associated to purchase. However the material consisting of roots with
substantial amounts of soil and stones, needs of gathering, shredding, screening and
chipping. Operations are carried out with mobile units displaced to the collection
points when sufficient biomass is accumulated, allowing an operation during a whole
week Transport costs have to be added to the treatment costs. As well as the renting
of the soil of the parcel.

5.5 Costs Case 2.2
In this case the farmer opts for contracting a service to carry out the plantation
removal. A subcontractor will take care of the service, consisting in restoring the
plantation to be ready to start the growth of a new crop cycle. The farmer will pay for
the service and the contractor will take care of handling the biomass, and produce
biomass to be delivered to Forestalia Group plants.
In this case it has been estimated and operational cost of 300 €/ha to perform the
tree up-rooting, which is the price to be covered by the payment for the service.
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Biomass at roadside is considered the biomass placed at the local collection points,
consisting of whole trees with roots. Therefore the acquiring costs include the extra
costs of gathering, loading and performing a local transport from the field to the local
collection point, equivalent to 13.3 €/ton dm. Costs of shredding, screening and
chipping, storage site and transport have to be added when operating locagistics.

5.6 Costs Case 2.3
In fields larger than 2.5 ha it is assumed it is possible to access with large trucks, and
the conditions are given to mobilize multiple mechanized means for collecting the
residual wood.
In this case it has been estimated that the farmer will pay for the service an
equivalent sum as in Case 2.2, 300 €/ha (service is the same, though the handling
and treatment of the biomass is different).
Biomass at roadside is considered the biomass loaded on truck at field side. It must
be understood that here trees are felled, then chipped directly into walking floor
trucks. Afterwards the rootstocks are withdrawn with an excavator, and then the
shredding, screening and chipping performed (load directly into walking floor truck.
The costs of the aboveground and underground biomass treatments are the
averaged to obtain the average costs at roadside, 55.0 €/t dm. So, in this case the
roadside biomass already includes the whole treatments, and only the transport costs
have to be added.
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6. Results case study

6.1 Introduction
Based on the previously defined supply chains (in Chapter 3), some scenarios were
analyzed by LocaGIStics for the two feedstock options. Table 10 collects the
scenarios matrix in terms of the number of power plants and their sites and the
biomass availability.
Table 10.

Scenarios matrix.

Biomass
feedstock

Herbaceous
biomass

Woody
biomass
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Scenario

Demand
per plant

Power plant

Availability

S001

120 kt fm

Zuera, Erla, Monzón

100%

S002

120 kt fm

Erla

100%

S003

120 kt fm

Zuera

100%

S004

120 kt fm

Monzón

100%

S005

120 kt fm

Zuera, Erla, Monzón

50%

S006

120 kt fm

Erla

50%

S007

120 kt fm

Zuera

50%

S008

120 kt fm

Monzón

50%

S009

120 kt fm

Erla

25%

S010

120 kt fm

Zuera

25%

S011

120 kt fm

Monzón

25%

S012

60 kt fm

Zuera, Erla, Monzón

100%

S013

20 kt fm

Zuera, Erla, Monzón

100%

S014

60 kt fm

Zuera

100%

S015

60 kt fm

Zuera

50%

S016

60 kt fm

Zuera

25%
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6.2 Results of different scenarios for herbaceous biomass
Scenario SC001
This scenario includes the three power plants (Table 11). Straw and stalk feedstock
option is analyzed considering the 100% of biomass availability and no intermediate
collection points. The complete demand of the three power plants (103,200 t dm) is
met. The map shows only the grid cells that really delivered biomass. The power
plants Erla (West) and Zuera (Centre) have competition problems concerning
biomass that is situated in between them. This leads to ‘strange’ collection circles.
Furthermore, Erla also touches the western border of the Aragon region. The
collection circle of Monzón (East) does not touch the collection circle of Zuera
(Centre), so there is no competition for biomass. Distances vary a lot for the three
power plants. The same ratio between the biomass types applies more or less for all
three power plants. The Monzón power plant is situated much better in the center of
the available biomass, because the same amount of biomass can be collected with
much less ton.km. Since the purchase costs of each biomass type at road side is the
same, differences in costs only reflect differences in amounts of biomass collected.
Since the price limit was set at 47.06 €/t dm (which equals 40 €/t fresh) all three
supply chains fulfil the plans of Forestalia Group.
Table 11.

Scenario SC001. Main results table.

Erla
Maximum collection distance (km)

Monzón

52.5

42.5

25.0

103,220

103,250

103,509

Maize

50,946

60,180

76,877

Winter cereals

48,328

39,765

23,954

3,946

3,305

2,678

3,397,967

3,426,014

1,928,233

Maize

1,587,637

2,062,315

1,408,048

Winter cereals

1,690,654

1,249,300

469,346

119,676

114,399

50,839

Purchase costs (€)

4,007,004

4,008,177

4,018,212

Transport costs (€)

271,837

274,081

154,259

Loading/Unloading costs (€)

291,081

291,166

291,895

5.45

5.47

4.31

44.27

44.29

43.13

Total collected biomass (ton dm)

Sunflower
Total transport amount (ton·km)

Sunflower

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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Map sourcing Erla
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Map sourcing Zuera
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals

34

D3.4 + D3.6 Annex 2

Map sourcing Monzón
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC002
This scenario includes only the Erla power plant (Table 12). Straw and stalk
feedstock option is analyzed considering the 100% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met, and it is even over supplied (109,639). This is because of the algorithm
always takes the complete content of the (final) chosen grid cells. Erla PP has now
almost round collection circles and almost no border problems anymore. The
maximum collection distance for winter cereals is now 37.5 km, which is lower than
the one needed with the three power plants competing each other. The total transport
costs are 4.47% less than in SC001 and the final extra costs for the logistical chain
are 0.265 €/t dm lower comparing with the three power plants scenario.
Table 12.

Scenario SC002. Main results table.

Erla
Maximum collection distance (km)
Total collected biomass (ton dm)

109,639

Maize

57,875

Winter cereals

46,825

Sunflower
Total transport amount (ton·km)

4,939
3,246,197

Maize

1,717,896

Winter cereals

1,380,969

Sunflower

147,332

Purchase costs (€)

4,256,190

Transport costs (€)

259,696

Loading/Unloading costs (€)

309,182

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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5.19
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Map sourcing Erla
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC003
This scenario includes only the Zuera power plant (Table 13). Straw and stalk
feedstock option is analyzed considering the 100% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. Without competition, the collection circle is not strangely shaped
anymore, but almost round. The maximum collection distance for winter cereals is
now 35 km, which is lower than the one needed with the three power plants
competing each other. The total transport costs are 9.56% less than in SC001 and
the final extra costs for the logistical chain are 0.253 €/t dm lower comparing with the
three power plants scenario.
Table 13.

Scenario SC003. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

103,229

Maize

55,513

Winter cereals

44,105

Sunflower
Total transport amount (ton·km)

3,611
3,098,387

Maize

1,713,463

Winter cereals

1,270,944

Sunflower

113,980

Purchase costs (€)

4,007,371

Transport costs (€)

247,871

Loading/Unloading costs (€)

291,107

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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5.22
44.04
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Map sourcing Zuera
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC004
This scenario includes only the Monzón power plant (Table 14). Straw and stalk
feedstock option is analyzed considering the 100% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. Since no interaction between Monzón PP and the other two power plants
happens, results are the ones presented in previous run, SC001.
Table 14.

Scenario SC004. Main results table.

Monzón
Maximum collection distance (km)
Total collected biomass (ton dm)

103,509

Maize

76,877

Winter cereals

23,954

Sunflower
Total transport amount (ton·km)
Maize
Winter cereals
Sunflower

2,678
1,928,233
1,408,048
469,346
50,839

Purchase costs (€)

4,018,212

Transport costs (€)

154,259

Loading/Unloading costs (€)

291,895

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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Map sourcing Monzón
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC005
This scenario includes the three power plants (Table 15). Straw and stalk feedstock
option is analyzed considering the 50% of biomass availability and no intermediate
collection points. The complete demand of the three power plants (103,200 t dm) is
met. The collection circles of the three power plants are now much larger and
sometimes strangely shaped. Now there is a competition between all of the three
power plants, so also between Zuera (Centre) and Monzón (East). Especially Erla
has to make a lot of effort to collect biomass even around the areas of Zuera and
Monzón. It virtually collects everything around them. This is partly caused by the
search algorithm in LocaGIStics that arranges the decisions which power plant goes
first (probably Monzón). Therefore in this case the analysis of the separate power
plants will give a better idea of the actual collection circle per power plant. In this
scenario not always the same ratio applies between the biomass types for the three
power plants. We see now a dramatic increase of the total transport amount for all
three power plants due to less available biomass (only 50%), competition and border
effects. Since the price limit was set at 47.06 €/t dm (which equals 40 €/t fresh) the
supply chain of Erla will not fulfil the plans of Forestalia Group. However, Zuera and
Monzón will fulfil the price limit.
Table 15.

Scenario SC005. Main results table.

Erla
Maximum collection distance (km)

Monzón

185.0

97.5

52.5

103,211

103,201

103,349

Maize

35,944

54,605

71,862

Winter cereals

60,374

46,229

27,990

6,893

2,367

3,497

9,573,194

5,507,259

3,180,806

Maize

2,358,138

2,737,416

2,148,568

Winter cereals

6,417,811

2,667,052

912,303

797,245

102,791

119,935

Purchase costs (€)

4,006,681

4,006,261

4,012,056

Transport costs (€)

765,856

218,993

254,465

Loading/Unloading costs (€)

291,057

291,027

291,448

Total collected biomass (ton dm)

Sunflower
Total transport amount (ton·km)

Sunflower
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Zuera

Extra costs supply chain (€/t dm)

10.24

7.09

5.28

Price at gate (€/t dm)

49.06

45.91

44.10
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Map sourcing Erla
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Map sourcing Zuera
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Map sourcing Monzón
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC006
This scenario only includes the Erla power plant (Table 16). Straw and stalk
feedstock option is analyzed considering the 50% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. Now the collection areas are again more circle shaped. However, Erla is
also experiencing ‘border problems’ in the West, which causes the circle to be larger
than necessary. The maximum collection distance for winter cereals is now 60 km,
which is three times lower than the one needed with the three power plants
competing each other. The total transport costs are 31.2% more than in SC002 (Erla,
100% availability). However, the final extra costs for the logistical chain are 4.12 €/t
dm lower comparing with the three power plants scenario, SC005, 50% availability.
Table 16.

Scenario SC006. Main results table.

Erla
Maximum collection distance (km)
Total collected biomass (ton dm)

103,208

Maize

53,710

Winter cereals

45,936

Sunflower
Total transport amount (ton·km)

3,562
4,260,631

Maize

2,188,505

Winter cereals

1,936,778

Sunflower

135,348

Purchase costs (€)

4,006,542

Transport costs (€)

340,850

Loading/Unloading costs (€)

291,047

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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6.12
44.94
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Map sourcing Erla
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC007
This scenario includes only the Zuera power plant (Table 17). Straw and stalk
feedstock option is analyzed considering the 50% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. Now the collection areas are again more circle shaped. The maximum
collection distance for winter cereals is now 47.5 km, which is two times lower than
the one needed with the three power plants competing each other. The total transport
costs are 37.5% more than in SC003 (Zuera, 100% availability). However, the final
extra costs for the logistical chain are 1 €/t dm lower comparing with the three power
plants scenario, SC005, 50% availability.
Table 17.

Scenario SC007. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

103,212

Maize

59,001

Winter cereals

40,850

Sunflower
Total transport amount (ton·km)

3,361
4,100,135

Maize

2,403,471

Winter cereals

1,563,174

Sunflower

133,490

Purchase costs (€)

4,006,699

Transport costs (€)

328,011

Loading/Unloading costs (€)

291,058

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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6.00
44.82
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Map sourcing Zuera
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC008
This scenario includes only the Monzón power plant (Table 18). Straw and stalk
feedstock option is analyzed considering the 50% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. The collection circle is not completely round anymore like it was in
SC004. Now also Monzón has to deal with border effects at the East. The maximum
collection distance for winter cereals is now 45 km, which is almost two times higher
than the one needed with the single Monzón 100% availability case. The total
transport costs are 60.3% more than in SC004 (Monzón, 100% availability).
Table 18.

Scenario SC008. Main results table.

Monzón
Maximum collection distance (km)
Total collected biomass (ton dm)

103,258

Maize

71,136

Winter cereals

28,289

Sunflower
Total transport amount (ton·km)
Maize

3,833
3,090,076
2,045,722

Winter cereals

911,546

Sunflower

132,808

Purchase costs (€)

4,008,473

Transport costs (€)

247,206

Loading/Unloading costs (€)

291,187

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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Map sourcing Monzón
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC009
This scenario includes only the Erla power plant (Table 19). Straw and stalk
feedstock option is analyzed considering the 25% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. The collection area is much larger now and more like half a circle
because of the border effects in the West. The maximum collection distance for
winter cereals is now 100 km, which is almost three times higher than the one
needed with the single Erla 100% availability case. The total transport costs are
114% higher than in SC002 (Erla, 100% availability).
Table 19.

Scenario SC009. Main results table.

Erla
Maximum collection distance (km)
Total collected biomass (ton dm)

103,201

Maize

58,956

Winter cereals

41,141

Sunflower
Total transport amount (ton·km)

3,104
6,935,829

Maize

4,099,337

Winter cereals

2,644,176

Sunflower

192,316

Purchase costs (€)

4,006,252

Transport costs (€)

544,866

Loading/Unloading costs (€)

291,026

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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8.20
47.02
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Map sourcing Erla
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals

53

D3.4 + D3.6 Annex 2

Scenario SC010
This scenario includes only the Zuera power plant (Table 20). Straw and stalk
feedstock option is analyzed considering the 25% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. The collection areas are still more or less circle shaped. However, some
border effects can be seen on the North-West side of the area. The maximum
collection distance for winter cereals is now 80 km, which is 2.3 times higher than the
one needed with the single Zuera 100% availability case. The total transport costs
are 90% higher than in SC003 (Zuera, 100% availability).
Table 20.

Scenario SC010. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

103,238

Maize

59,715

Winter cereals

40,675

Sunflower
Total transport amount (ton·km)

2,848
5,894,354

Maize

3,442,407

Winter cereals

2,297,866

Sunflower

154,081

Purchase costs (€)

4,007,714

Transport costs (€)

471,548

Loading/Unloading costs (€)

291,132

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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Map sourcing Zuera
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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Scenario SC011
This scenario includes only the Monzón power plant (Table 21). Straw and stalk
feedstock option is analyzed considering the 25% of biomass availability and no
intermediate collection points. The complete demand of the power plant (103,200 t
dm) is met. The collection circle is not completely round anymore. Now also Monzón
has to deal with severe border effects at the East, which make the collection circle
more half-round. The maximum collection distance for winter cereals is now 107.5
km, which is 4.3 times higher than the one needed with the single Monzón 100%
availability case. The total transport costs are 208% higher than in SC004 (Monzón,
100% availability).
Table 21.

Scenario SC011. Main results table.

Monzón
Maximum collection distance (km)
Total collected biomass (ton dm)

103,205

Maize

59,463

Winter cereals

40,293

Sunflower
Total transport amount (ton·km)

3,449
5,948,696

Maize

3,032,023

Winter cereals

2,730,857

Sunflower

185,816

Purchase costs (€)

4,006,400

Transport costs (€)

475,896

Loading/Unloading costs (€)

291,037

Extra costs supply chain (€/t dm)
Price at gate (€/t dm)
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Map sourcing Monzón
Biomass type: maize

Biomass type: sunflower

Biomass type: winter cereals
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6.3 Results of different scenarios for woody biomass
Scenario SC012
This scenario includes the three power plants (Table 22). Wood feedstock from
plantations removal option is analyzed considering the 100% of biomass availability
and an initial demand of 60,000 t per plant. The complete demand of each power
plant cannot be met due to the limited amount of biomass and the competition of the
plants. The collection areas are no circles, but shapes that reflect the competition
between the three power plants and border effects. Comparing the three supply
chains and the total biomass collected, it can be concluded that all the biomass
available is collected for this case. Since the price limit was set at 57.14 €/t dm
(which equals 40 €/t fresh matter 30% moisture content) the supply chain Case 2.3.
is the only one that fulfil the plans of Forestalia Group regarding the price limit.
Table 22.

Scenario SC012. Main results table.

Erla
Maximum collection distance (km)

Zuera

Monzón

92.5

112.5

90.0

22,158

35,674

40,644

Case 2.1. supply chain

2,867

3,615

3,259

Case 2.2. supply chain

14,856

19,754

19,513

Case 2.3. supply chain

4,436

12,305

17,871

2,499,651

3,999,803

2,952,737

Case 2.1. supply chain

229,786

302,893

172,096

Case 2.2. supply chain

1,744,090

2,132,069

1,362,004

Case 2.3. supply chain

526,375

1,564,841

1,418,637

Total collected biomass (ton dm)

Total transport amount (ton·km)

Costs for Case 2.1. supply chain
Purchase cost (€/ t dm)

67.08

Transport cost (€/t dm)

6.22

6.52

4.11

Price at gate (€/t dm)

73.30

73.60

71.19

Costs for Case 2.2. supply chain
Purchase cost (€/t dm)

80.42

Transport cost (€/t dm)

7.83

7.20

4.65

Price at gate (€/t dm)

88.25

87.62

85.04

Costs for Case 2.3. supply chain
Purchase cost (€/t dm)

58

46.67

Transport cost (€/t dm)

6.59

7.07

4.41

Price at gate (€/t dm)

53.26

53.73

51.07
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Map sourcing Erla
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Map sourcing Zuera
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Map sourcing Monzón
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Scenario SC013
This scenario includes the three power plants (Table 23) Wood feedstock from
plantations removal option is analyzed considering the 100% of biomass availability
and an initial demand of 20,000 t per plant. Now the complete demand of each power
plant can be met. The collection areas are still no circles for Erla and Zuera, but
shapes that reflect the competition between the two power plants and border effects.
For Monzon the shape is almost a circle with only some border effects in the East.
Since the price limit was set at 57.14 €/t dm (which equals 40 €/t fresh matter 30%
moisture content) the supply chain Case 2.3. is the only one that fulfil the plans of
Forestalia Group regarding the price limit.
Table 23.

Scenario SC013. Main results table.

Erla
Maximum collection distance (km)

Zuera

Monzón

85.0

67.5

35.0

20,088

20,087

20,094

Case 2.1. supply chain

2,676

2,092

1,833

Case 2.2. supply chain

12,369

9,396

9,907

Case 2.3. supply chain

5,043

8,607

8,347

2,077,544

2,016,698

821,581

Case 2.1. supply chain

192,824

116,964

58,634

Case 2.2. supply chain

1,290,719

855,290

380,531

Case 2.3. supply chain

594,001

1,044,444

382,416

Total collected biomass (ton dm)

Total transport amount (ton·km)

Costs for Case 2.1. supply chain
Purchase cost (€/ t dm)

67.08

Transport cost (€/t dm)

5.60

4.35

2.48

Price at gate (€/t dm)

72.68

71.43

69.57

Costs for Case 2.2. supply chain
Purchase cost (€/t dm)

80.42

Transport cost (€/t dm)

6.96

6.07

2.56

Price at gate (€/t dm)

87.38

86.49

82.98

Costs for Case 2.3. supply chain
Purchase cost (€/t dm)
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46.67

Transport cost (€/t dm)

6.54

6.74

2.54

Price at gate (€/t dm)

53.21

53.41

49.21
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Map sourcing Erla
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Map sourcing Zuera
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Map sourcing Monzón
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Scenario SC014
This scenario includes only Zuera power plant (Table 24). Wood feedstock from
plantations removal option is analyzed considering the 100% of biomass availability
and an initial demand of 60,000 t per plant. The complete demand can now be met
due to there is no competition between plants. Regarding the scenario SC012 with
the three power plants, it is difficult to compare Zuera power plant numbers since
biomass collected is very different in both situations, 60,011 ton instead 36,674 ton.
The collection areas are almost circles, just some border effects in the western
region. Since the price limit was set at 57.14 €/t dm (which equals 40 €/t fresh matter
30% moisture content) the supply chain Case 2.3. is the only one that fulfil the plans
of Forestalia Group regarding the price limit.
Table 24.

Scenario SC014. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

82.5
60,011

Case 2.1. supply chain

6,359

Case 2.2. supply chain

34,934

Case 2.3. supply chain

18,719

Total transport amount (ton·km)

6,684,970

Case 2.1. supply chain

504,436

Case 2.2. supply chain

3,786,837

Case 2.3. supply chain

2,393,697

Costs for Case 2.1. supply chain
Purchase cost (€/ t dm)

67.08

Transport cost (€/t dm)

6.17

Price at gate (€/t dm)

73.25

Costs for Case 2.2. supply chain
Purchase cost (€/t dm)

80.42

Transport cost (€/t dm)

7.23

Price at gate (€/t dm)

87.65

Costs for Case 2.3. supply chain

66

Purchase cost (€/t dm)

46.67

Transport cost (€/t dm)

7.11

Price at gate (€/t dm)

53.77
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Map sourcing Zuera
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Scenario SC015
This scenario includes only Zuera power plant (Table 25). Wood feedstock from
plantations removal option is analyzed considering the 50% of biomass availability
and an initial demand of 60,000 t per plant. The complete demand cannot be met
because of the limited availability condition. The collection areas are not circles, and
distances are now significantly increased. Since the price limit was set at 57.14 €/t
dm (which equals 40 €/t fresh matter 30% moisture content) the supply chain Case
2.3. is the only one that fulfil the plans of Forestalia Group regarding the price limit.
Table 25.

Scenario SC015. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

130.0
49,238

Case 2.1. supply chain

4,870

Case 2.2. supply chain

27,061

Case 2.3. supply chain

17,306

Total transport amount (ton·km)

6,704,944

Case 2.1. supply chain

485,867

Case 2.2. supply chain

3,456,606

Case 2.3. supply chain

2,762,471

Costs for Case 2.1. supply chain
Purchase cost (€/ t dm)

67.08

Transport cost (€/t dm)

7.76

Price at gate (€/t dm)

74.84

Costs for Case 2.2. supply chain
Purchase cost (€/t dm)

80.42

Transport cost (€/t dm)

8.52

Price at gate (€/t dm)

88.94

Costs for Case 2.3. supply chain
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Purchase cost (€/t dm)

46.67

Transport cost (€/t dm)

8.87

Price at gate (€/t dm)

55.53
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Map sourcing Zuera
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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Scenario SC016
This scenario includes only Zuera power plant (Table 26). Wood feedstock from
plantations removal option is analyzed considering the 25% of biomass availability
and an initial demand of 60,000 t per plant. The complete demand cannot be met
because of the availability condition. The collection areas are not circles, but
distances are the same than in previous scenario with 50% availability. Since the
price limit was set at 57.14 €/t dm (which equals 40 €/t fresh matter 30% moisture
content) the supply chain Case 2.3. is the only one that fulfil the plans of Forestalia
Group regarding the price limit.
Table 26.

Scenario SC016. Main results table.

Zuera
Maximum collection distance (km)
Total collected biomass (ton dm)

130.0
24,619

Case 2.1. supply chain

2,435

Case 2.2. supply chain

13,531

Case 2.3. supply chain

8,653

Total transport amount (ton·km)

3,352,472

Case 2.1. supply chain

242,934

Case 2.2. supply chain

1,728,303

Case 2.3. supply chain

1,381,235

Costs for Case 2.1. supply chain
Purchase cost (€/ t dm)

67.08

Transport cost (€/t dm)

7.76

Price at gate (€/t dm)

74.84

Costs for Case 2.2. supply chain
Purchase cost (€/t dm)

80.42

Transport cost (€/t dm)

8.52

Price at gate (€/t dm)

88.94

Costs for Case 2.3. supply chain
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Purchase cost (€/t dm)

46.67

Transport cost (€/t dm)

8.87

Price at gate (€/t dm)

55.53
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Map sourcing Zuera
Case 2.1. supply chain

Case 2.2. supply chain

Case 2.3. supply chain
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6.4 Discussion
Herbaceous biomass
The amount of herbaceous biomass is enough to cover the annual needs of the three
power plants in any case. Competition problems appear between Erla and Zuera
power plants and consequently, biomass collecting distances are higher than for
Monzón power plant supply. When only 50% of biomass is considered as available,
Monzón is also affected by competition problems but in a minor way.

Figure 10.

(a)
(b)
Maximum collection distance for the three power plants competition scenarios:
(a) 100% biomass availability, (b) 50% biomass availability.

Regarding the final price at gate, Monzón power plant always shows the minimum
value. Although Erla and Zuera have a similar fuel price at gate considering 100%
biomass availability, in the case of Erla power plant, this price yields a remarkable
increase when just a 50% of biomass is available (see Figure 11b).

Figure 11.
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(a)
(b)
Price at gate for the three power plants competition scenarios: (a) 100%
biomass availability, (b) 50% biomass availability.
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When the power plants are analyzed individually, the results are different since
competition between plants does not take place. Figure 12 shows the variation of the
maximum collection distance with the percentage of biomass availability for each
power plant. The Monzón power plant seems to be the one with lower distances but
when just 25% of biomass is available, the collection distance increases above the
other two power plants.

Figure 12.

(a)
(b)
Evolution with the biomass availability of the results of the single power plants
scenarios: (a) maximum collection distance (km), (b) price at gate (€/t).

Wood plantations removal
As we stated in the previous biomass potential analysis (see Table 2), there is not
enough wood from plantations removal close to the different sites in order to cover
the whole demand of the power plants (not even one of them). Therefore, two kind of
scenarios were proposed regarding the maximum demand per plant, 60,000 t and
20,000 t.

Figure 13.

(a)
(b)
Price at gate of the different supply chains for the three power plant scenarios:
(a) 60,000 t demand limitation, (b) 20,000 t demand limitation.

Regarding the three supply chain concepts, Case 2.1 and Case 2.2 chains have a
purchase cost higher than the price at gate limitation considered by Forestalia Group
73
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(57 €/t dm), so it is obvious than both chains are not feasible with this price at gate
limitation. Nevertheless, some conclusions can be drawn from these results as we
introduce in the next section (7. Conclusions and recommendations). The Case 2.3
supply chain is the most promising one. Prices are below the Forestalia Group
limitation for all the power plants. Comparing now the three locations, Monzón suffers
lower competition effects than Erla and Zuera, especially when the demand per plant
is reduced. In this case just minor border effects appear. That is the main reason for
the lower price at gate for Monzón power plant.
In order to complete the analysis, the Zuera power plant was studied alone for
obtaining the variation of the results regarding the availability percentage from 100%
to 25%.

Figure 14.

Variation with the percentage of biomass availability of the price at gate for
Zuera power plant.

Figure 14 shows that availability has not significant influence on price at gate (€/t).
However, biomass collected amount is reduced from 60,000 t (100%) to 24,600 t
(25%) and maximum distance is also increases from 82 to 130 km.
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7. Conclusions and recommendations

7.1 Conclusions
Wood plantation removal
-

-

-

-

-

75

Supply chain Case 2.1 is not profitable. So, a solution could be that the
collection points where farmers dump their residues ask for a fee to the
farmers just in order to compensate the costs. The initial scenario considered
that they dump the residues for free. It should be explored how much they
would be willing to pay to be able to dump their residues at the collection point.
However, it also would require a storage site with more controlled conditions,
and so, a potential increase of costs in this collection points. Pretreatment
operations at the power plant with static equipment reduce costs in
comparison to mobile units. The alternative to the initial logistic proposal
explored by Forestalia Group could be, for instance, that the primary crusher
could be moved to the fields (mounted on a truck), and then the shredded
material to be transported directly to the power plant, where static screening
and chipping machines would treat the material. Although transport costs
would be slightly higher, the pretreatment costs would be reduced.
Case 2.2 is the worst case in terms of economics. However, could be more
attractive increasing the price asked to the farmers to receive the service that
Forestalia Group is giving to the farmer (currently, calculations are made with
a low price, 300 €/ha. This could potentially rise to 500 €/ha. Improvements in
the logistic chain could be like those explained for case 2.1: use of a primary
shredder at field side and transport to the plant where a static screening and
chipping is performed.
Case 2.3 is by far the most suitable. It is based on large fields, and therefore,
the best conditions are available. It also could be improved in terms of costs if
the only machinery mobilized to field is the primary shredder.
The supply chains for wood plantation removal are complementary because
their application depends on the size of the fields. Consequently, despite of
the fact that Case 2.3 is the most promising one, it could not be used for wood
plantation removal in other different sites and fields.
It could be argued if building intermediate treatment centers (ITCs) could be
useful. Each one could treat 10 to 20 thousand t/yr, and include a screening
system and a chipper. It would be the base for the mobile unit (primary
shredder and tractor with shear or shovel). The pretreatment costs would be
similar to those proposed above as an improvement to the initial system of
mobile units. However, it would allow better organization in the territory and
better control of the biomass flow. The general costs would rise as the creation
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of several centers would cause larger costs than a sole centralized facility next
by the power plant.
Straw
-

The use of collection points would improve the management of the biomass
supply chain. Transport cost would be slightly higher but the supply security
would be higher too and in addition, pretreatment costs could be reduced.

7.2 Recommendations
The work done has revealed that the initial strategy for biomass procurement of
Forestalia Group can be improved. This has been specially evident in the case of
biomass procurement from the wood residues of vineyards, fruit and olive trees
plantation removals.
After analyze the results, it seems clear that in terms of biomass availability and
supply chains definitions, Forestalia Group should focus on straw and stalk as main
feedstock option. Case 1.1 is technical and economically reliable and there is enough
biomass for fulfilling the three power plant fuel requirements.
Wood plantation removal supply chains must be rethought. Case 2.1 and Case 2.2
supply concepts are not profitable in any case. Just Case 2.3. shows good results but
this supply chain can only be applied in large fields and not enough biomass can be
collected. For instance, as it was stated in previous section, all the cases would be
improved if the only machinery mobilized to field was the primary shredder and then
transport material to the plant where a static screening and chipping was performed.
Regarding the logistic tool, LocaGIStics has been successfully adapted to Forestalia
Group requirements in order to run all the supply chains and scenarios proposed. It
can be perfectly used to obtain the cost of biomass at plant gate (€/t) considering
only the purchase cost and the logistic chain costs, without taking into account the
power plant characteristics and IRR and NPV calculations.
As recommendations, some actions have been proposed in order to improve the tool
LocaGIStics. For instance, road distance method for transport costs calculation
should be improved in order to obtain more accurate results. In addition, we have
pointed out that when several power plants are included in the analysis, some
potential competition limitations appear and final results and figures might depend on
the resolution order of each plant.
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Executive summary

In Finland, the operating environment in timber transports by trucks is challenging.
Difficulties in logistics are caused by the high number of timber assortments and end
use facilities, as well as high fluctuation in road trafficability, in the weather affecting
bearing capacity of roads and in the timber demand of mills. Forest industry together
with logistics companies and timber truck entrepreneurs has eagerly searched for the
solutions for improving timber transport efficiency.
The logistical case study in Finland tried to find cost-efficient operation models in
timber transport logistics by trucks in a preset case environment in Central Finland.
As an objective of the study, the influence of a multi-assortment load method was
studied and compared to a single-assortment load method. In the single-assortment
load method only one timber assortment can be transported during one transport
cycle whereas in the multi-assortment load method different timber assortments can
be transported in the same load.
Discrete-event simulation was used for studying the timber truck transports for the
Finnish case. Simulation model included four trucks operating in Central Finland and
supplying 25 different timber assortments to 12 end-use facilities being eight saw
mills, two pulp mills and two train loading terminals. The total timber demand of enduse facilities over one year was 258,000 solid-m³.
The multi-assortment load method was on average 3.3% cheaper than the single
assortment load method. In addition, the driving performance - presented as solid-m³
of timber per 100 kilometers - was 4.0% higher with the multi-assortment load
method. Small assortment piles at roadsides caused difficulties in efficient timber
transport due to driving between piles and the need of loading many small piles for
filling the entire load space. The multi-assortment load method decreased drastically
the number of rides between piles and, therefore, improved the performance of the
fleet.
The developed model can be used to analyze in depth the effect of different logistical
concepts on, e.g., transport costs, transported volumes and the utilization rate of
capacity. The model can also be extended to other geographical regions.
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1. Introduction
In Finland, 76% of all roundwood transports from roadside storages to end-use
facilities is conducted by timber trucks (Strandström, 2016). Timber transports in
Finland are a big logistical affair. The operating environment is really challenging,
mainly because of the high number of timber assortments and end use facilities, and
high fluctuation in road trafficability, in the weather affecting in bearing capacity of
roads and in the timber demand of mills.
At the moment, cost-competitiveness, profitability and resource efficiency are of
special interest in wood purchasing operations in Finland. A few years ago, new
traffic legislation allowed bigger dimensions and masses of trucks to be used in truck
transports on Finnish roads (Valtioneuvoston asetus, 2013). Compared to the earlier
law allowing truck-trailer units with maximum mass of 60 tonnes, the new law enables
trucks with 64, 68 and 76 ton masses depending on the amount of axels in the trucktrailer unit. Moreover, Finnish forest industries jointly released a national vision to
enhance wood purchasing efficiency with 30% lower costs in 2025 compared to
present situation (Tehokas puuhuolto, 2025). Improvement of timber transport
efficiency is playing a key role in the efficient wood procurement 2025 vision.

1.1 Aim of the case study
The simulation study for the S2Biom project tried to find cost-efficient operation
models for further studies in timber transport logistics by trucks in a preset case
environment in Central Finland. The study concentrated on a way to simulate
prevailing and alternative operation models in a case operating environment and to
reveal the behavior of the supply system in order to detect and pinpoint places to be
improved in the logistics system. As a specific objective, the influence of a multiassortment load method was studied and compared to a single-assortment load
method. In the single-assortment load method only one timber assortment can be
transported during one transport cycle whereas in the multi-assortment load method
different timber assortments can be transported in the same load.

1.2 Content of report
This report shortly presents the simulation model developed in S2Biom project. In
addition, a comparison with the prevailing single-assortment load method with the
multi-assortment load method is reported here with values of system performances
and relative transport costs. Alternative operation models are listed at the end and
finally suggestions are made about research in the future.
6
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2. Assessment methods for logistical case studies

2.1 Introduction
Various logistical assessment methods have been described in Deliverable D3.2
‘Logistical concepts’ (Annevelink et al., 2015). The following methods have been
chosen for further assessments in the logistical case studies for the S2Biom project
viz.:
•
•
•

BeWhere for the European & national level;
LOCAgistics for the Burgundy and Spanish case on the regional level;
Witness simulation model for the Finnish case.

BeWhere and LocaGIStics have not been used in this case study. Witness®
simulation software (Lanner, 2016) was used for building the simulation environment
for the Finnish case. The simulation is based on a discrete-event approach, where
the system is chancing as discrete events in predetermined timespans. Discreteevent simulation is a proper method for modelling complex environments, which have
a lot of interactions between the modeled objects, where stochasticity is included in
the system and where system operations are unstable and time dependent. Timber
truck transport logistics indeed have this kind of complexity.

2.4 Witness simulation model
Previously Witness simulation environment has been utilized in various research
projects to study biomass logistics (see e.g. Windisch ym. 2015, Asikainen 2001,
Karttunen ym. 2012). The Truck Transport Logistics -simulation model was compiled
in Witness simulation software and combined with an Excel-spreadsheet environment
(Figure 1). A combination of these two tools enabled us to study the transport
logistics of timber trucks from roadside storages to end-use facilities. Simulation runs
are conducted in Witness, whereas the Excel-spreadsheet file controls simulation
scenario parameters and combines time and performance data from Witness to cost
accounting carried out in Excel workbook.
The simulation requires timber storage data at roadside, data of monthly timber
demand of mills, parameter input of the work model and truck characteristics and
parameters of timber receptions at the mills. The simulation model reads this
information from Excel as initial input data at the beginning of a simulation run.
Before the trucks start to drive unloaded from a truck park, mill or terminal, the model
determines the end-use facility, timber assortment and roadside storage for the new
transport cycle. A new transport cycle is determined by the highest demand of timber
7
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by end-use facilities and certain constraints involved to each transport cycle. The
constraints in use were i) maximum arrivals of each truck to a mill per work-shift, ii)
daily reception times of timber in each mill, iii) amount of transported sawn wood and
pulp wood during a month, iv) available amount of assortments at storage sites and
v) maximum storing times for sawn wood and pulp wood at road side storages.

Figure 1. A screenshot from the Truck Transport Logistics -simulation model in Witness®
simulation software.

Depending on the constraints and the actual situation at the roadside storages, the
model selects suitable storage sites to visit by the group of rules. The model goes
through all storages available at a current simulation time from the active storage
matrix. The maximum dimension of the active storage matrix was set to 80, from
which the rules will select the storage to be used. Active storage matrix represents
the buffer of roadside storages during simulation run. The selection of storages and
truck routing is conducted by utilizing this buffer. The model reads a new roadside
storage every time, when storage in the active matrix is emptied.
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In the selection of storage, the shortest distance method is used, if previously
presented constraints are not influencing in the ruling. Time consumption functions
and truck speed functions are taken from Nurminen and Heinonen (2007), where
time studies for timber truck transports in Finland have been carried out. In addition,
loading and unloading parameters are defined in the Excel control file.
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3. Set-up of the Finnish case study

3.1 Introduction
In the case study, the simulation model included four trucks operating in Central
Finland and supplying timber to 12 end-use facilities being eight saw mills, two pulp
mills and two train loading terminals. A simulation run covered a period of one year.
Timber trucks were operating with the following shift arrangement; six 12 hours
morning shifts + five 12 hours evening shifts. Each scenario was simulated by five
stochastic repetitions and the average values of these five repetitions were used for
calculating the result data of a certain scenario.
Two simulation scenario sets were simulated in Finnish case study. The business as
usual scenario corresponded to timber transports with the single-assortment load
method, whereas the multi-assortment scenario included the multi-assortment load
transports. Each simulation scenario was repeated five times and the averages of the
five repetitions were used for comparing scenario results.

3.2 The region
The logistics company owning the trucks operates mainly within the province of
Central Finland. The relatively high forest productivity and numerous forest industry
facilities both within and surrounding the province form the basis for active forestry
and timber logistics. The general challenges of timber transport in Finland described
in the Introduction are also valid in Central Finland. The company operates within a
radius of roughly 100 km and the annual demand of timber for all end-use facilities
was set to 258 000 m³/year, in total.

3.3 Biomass value chains
In the Finnish case study, saw logs, pulp wood and delimbed energy wood stems
were transported to end-use facilities. In total, 25 different timber assortments were
included in the supply chain in this case.
Currently, each timber assortment is transported as single-assortment loads to the
end-use facility. Due to the small volume of individual assortments in a roadside
storage, the timber trucks often have to collect timber from several roadside storages
to obtain a full load. This kind of driving between piles at different roadside storages
and setup times at these piles are relatively time consuming elements in the whole
10
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transport cycle. Therefore, a scenario with a multi-assortment load option was
introduced to the case study. The multi-assortment load opportunity is only available
for timber assortments, which are all transported to a same end-use facility. Table 1
presents the end-use facilities, their timber assortments and the multi-assortment
availability.
Table 1. Timber assortments, end use facilities and multi-assortment possibility for each
assortment.

Abbreviation for
End use facility wood assortment wood assortments
Sawmill 1
sawn wood, pine
Assortment 1
Sawmill 1 small sawn wood, pine Assortment 2
Sawmill 1
beam log, pine
Assortment 3
Sawmill 2
sawn wood, spruce
Assortment 4
Sawmill 2
sawn wood, pine
Assortment 5
Sawmill 3
sawn wood, spruce
Assortment 6
Sawmill 3
sawn wood, pine
Assortment 7
Sawmill 4
sawn wood, spruce
Assortment 8
Sawmill 4
sawn wood, pine
Assortment 9
Sawmill 5
sawn wood, spruce
Assortment 10
Sawmill 6
sawn wood, spruce
Assortment 11
Sawmill 6
sawn wood, pine
Assortment 12
Sawmill 6
beam log, spruce
Assortment 13
Sawmill 6
beam log, pine
Assortment 14
Sawmill 7
beam log, spruce
Assortment 15
Sawmill 7
beam log, pine
Assortment 16
Sawmill 8
sawn wood, birch
Assortment 17
Sawmill 8
beam log, birch
Assortment 18
Train terminal 1 pulpwood log, birch
Assortment 19
Train terminal 1 pulpwood log, pine
Assortment 20
Train terminal 1 pulpwood log, spruce Assortment 21
Train terminal 2 pulpwood log, pine
Assortment 22
Pulp mill 1
pulpwood log, birch
Assortment 23
Pulp mill 2
pulpwood log, birch
Assortment 24
Energy terminal energy wood log
Assortment 25

Multi-assortment
option
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
no
no

The multi-assortment load method can be introduced to timber transports without any
modifications to trucks, load spaces or loaders. When loading more than one
assortment to same truck load, additional time occurs in relocating and set ups
between piles at the same roadside storage as well as during unloading at the enduse facility. Simulation offers an opportunity to study the impact of the multiassortment load method in the prevailing timber supply environment.
All four trucks had a capacity of 64 tonnes carrying 48 solid-m³ of timber. The
vehicles consisted of a three-axle timber truck with a loader and a four-axle trailer.
The total own mass of a vehicle was 22.2 tonnes leaving a maximum capacity of 41.8
tonnes for the load.
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4. Type of data requirements

The Truck Transport Logistics -simulation requires timber storage data at roadside,
data of monthly timber demand of the end-use facilities, parameter input of the work
model, truck characteristics and the parameters of timber receptions at the end-use
facilities (Table 2). The simulation model reads this information from an Excel
workbook as initial input data at the beginning of a simulation.
Roadside storage data includes co-ordinates, the volumes of each timber assortment
and the transport distances of each timber assortment to the final destinations. The
storage data have to fulfill the demand of the end-use facilities for one year. For each
timber assortment the monthly demand in cubic meters is determined in demand
matrix according to the data acquired from the logistics company.
In addition, several parameters specifying truck driving, mill receptions and truck
characteristics need to be defined.
Table 2. Required input data for the Truck Transport Logistics simulation.

Category

Attribute description (unit)

Timber storage data at
roadside

Coordinates
Volume of a timber assortment (solid-m³)
Distances from storage to truck parks and end-use facilities (km)
Cutting date of timber in each storage

Timber demand of enduse facilities

Monthly demand for each timber assortment (solid-m³)

Characteristics
working model

Set-up of work shifts (days, hours, rest times, etc.)

for

Adjustment of operating shares of trucks for each timber assortment
(%)
Maximum storing times for sawn timber assortments and for pulp
timber assortments (days)
Number of truck arrivals to saw mills, pulp mills and train terminals per
work shift
Arriving day as in weekday (1-7), Arriving interval of train to train
terminals (hours), Load space of train unit (solid-m³)
Characteristics for timber
truck

Loading and unloading times for each timber assortment (minutes /
solid-m³)
3

Load space of timber truck (m )
Cost accounting factors (capital costs, personnel costs, variable costs)
(€)
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5. Actual data used for case study

5.1 Storage and demand data
The roadside storage data was sorted according to the time when the logging
operation was finished and the timber had been completely forwarded to the
roadside. The data included fairly big amount of timber assortments of Sawmill1
(Figure 2). The storage volume of Assortment1 (pine sawn wood) was nearly 50,000
solid-m³ in total. The other timber assortments were smaller-sized and varied from
220 to 22,000 solid-m³. The supply of the timber assortments had to fulfill the
demand every month and, therefore the available volume of the roadside storage
matrix was bigger than the annual demand. The remaining capacity of the roadside
storages was not transported in the scenario runs. The demand of end-use facilities
in each wood assortment is presented in Figure 3.

Figure 2. The amount of timber assortments in roadside storage matrix in solid-m3.

13

D3.2

Figure 3. Demand of each wood assortment in each end use facility over one year. Different
colors represent different end-use facilities in the case Finland.

5.2 Transport data
The reception times for each end-use facility varied from 10 hours to 24 hours per
day (Table 3). The reception stations for pulp wood and energy wood were all open
round the day 24 hours.
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Table 3. Reception times of timber reception stations in end use facility.

End use facility wood assortment Reception opens at Reception closes at Open time, h
Sawmill 1
Assortment 1
6
6
24
Sawmill 1
Assortment 2
6
6
24
Sawmill 1
Assortment 3
6
6
24
Sawmill 2
Assortment 4
6
22
16
Sawmill 2
Assortment 5
6
22
16
Sawmill 3
Assortment 6
6
16
10
Sawmill 3
Assortment 7
6
16
10
Sawmill 4
Assortment 8
6
16
10
Sawmill 4
Assortment 9
6
16
10
Sawmill 5
Assortment 10
6
16
10
Sawmill 6
Assortment 11
6
22
16
Sawmill 6
Assortment 12
6
22
16
Sawmill 6
Assortment 13
6
22
16
Sawmill 6
Assortment 14
6
22
16
Sawmill 7
Assortment 15
6
16
10
Sawmill 7
Assortment 16
6
16
10
Sawmill 8
Assortment 17
6
16
10
Sawmill 8
Assortment 18
6
16
10
Train terminal 1
Assortment 19
6
6
24
Train terminal 1
Assortment 20
6
6
24
Train terminal 1
Assortment 21
6
6
24
Train terminal 2
Assortment 22
6
6
24
Pulp mill 1
Assortment 23
6
6
24
Pulp mill 2
Assortment 24
6
6
24
Energy terminal
Assortment 25
6
6
24

Working shifts for truck transports were fixed for the whole simulation period. Morning
shifts were from Monday to Saturday, whereas evening shifts were from Monday to
Friday (Table 4).
Table 4. Working shift spesifications for timber transports.

Morning shift
Evening shift
work time rest time work time rest time
Monday
12
12
12
12
Tuesday
12
12
12
12
Wednesday
12
12
12
12
Thursday
12
12
12
12
Friday
12
12
12
12
Saturday
12
12
0
24
Sunday
0
24
0
24

hours
hours
hours
hours
hours
hours
hours

Driving distances to and from truck parks and end-use facilities were derived from
digital road network data (Table 5). The parking lot of truck 1 was located close to
Sawmill1, whereas the parking lot of truck 3 was located close to Sawmill6. For truck
2 and 4 there was no end-use facility close to their parking lots.
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Table 5. Road distances in kilometers from end use facilities to truck parks.

End use facility
Sawmill 1
Sawmill 2
Sawmill 3
Sawmill 4
Sawmill 5
Sawmill 6
Sawmill 7
Sawmill 8
Train terminal 1
Train terminal 2
Pulp mill 1
Pulp mill 2
Energy terminal

Truck 1
4.1
38.2
115.6
119.3
124.5
53.8
81.6
44.9
81.2
1.6
153.5
97.6
4.1

Truck 2
22.1
49.1
122.7
89.0
115.1
60.9
88.7
42.6
88.3
20.9
129.2
108.5
22.0

Truck 3
55.6
89.7
72.6
109.1
175.9
1.2
71.4
96.3
71.0
54.4
181.6
149.1
55.5

Truck 4
48.4
82.5
75.4
73.3
146.4
36.2
35.6
89.2
35.2
47.2
145.9
141.9
48.4

Speed functions for timber trucks were taken from the Nurminen and Heinonen
(2007) work study which focused on timber truck transports in Finland (Figure 4).

Figure 4. Speed functions for timber trucks used in the simulations (Nurminen and Heinonen
2007).

Loading times were partly taken from Nurminen and Heinonen (2007) and partly
based on expert data (Table 6). Unloading times were 0.1 to 0.2 minutes per solid-m³
lower that loading times. Separate set up times after arriving to pile at roadside were
used from Nurminen and Heinonen (2007).
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Table 6. Loading and unloading times of timber trucks.

Wood assortment
sawn wood
pulp wood, long
pulp wood, short
energy wood
sawn wood, 2 assort.
sawn wood, 3 assort.
sawn wood, 4 assort.
pulp wood, 2 assort.
pulp wood, 3 assort.

loading time, min/m³ unloading time, min/m³
0.44
0.34
0.84
0.64
1.25
1.15
1.3
1.15
0.54
0.44
0.64
0.54
0.74
0.64
0.94
0.74
1.04
0.84

transport method
single-assortment
single-assortment
single-assortment
single-assortment
multi-assortment
multi-assortment
multi-assortment
multi-assortment
multi-assortment

5.3 Cost accounting data
Cost accounting of each truck was carried out in the Excel workbook after the
simulation run. The initial cost accounting data was collected in spring 2016 from the
personnel of SKAL (Finnish Transports and Logistics association) and the truck
dealers from Finland. Cost accounting includes the investment costs of the truck,
interest rate, depreciation, personnel costs, variable costs and entrepreneur risk
margin (Table 9). The simulation values for calculating the transport costs are taken
from the average of five simulation runs; operating hours, other working hours,
driving kilometers, transported wood amount (in solid-m³).
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Table 9. Cost accounting for timber trucks.

Cost calculation of 64 ton truck 3+4 axels
Input from simulations
Operating hourts
Other working hours
Driving kilometres
Transported wood

Obtained value
h/a
h/a
km/a
m³

6 044.5
357.5
212 479
63 711

Capital factors
Enter valueCounter uses
145 000 145 000
Truck
65 000
65 000
Trailer
37 500
37 500
Equipments
70 000
70 000
Crane + cabin
10
10
Number of truck wheels
725
-7 250
truck wheels €/piece
16
16
Number of trailer wheels
450
-7 200
trailer wheels €/piece
Vehicle price (tyres not included)
Truck life time
Trailer life time
max distance for tyres
Interest percentage
Depreciation of capital
Insurance
Traffic costs
Administration costs
Maintenance costs
Uncompensated driving

unit
€
€
€
€
€
€
€
€

default

137 750
57 800

141 000
80 000
40 000
10
623
16
437

303 050 €

5
5
120 000

5
5
120 000

a
a
km

5.00

5

%

7
7
120000
10 008

4 000
1 500
4 500
2 000
2 000

€/a
€/a
€/a
€/a
€/a

Entrepreneurial risk, margin percent 5
Salary factors
18.00
Driver salary (hourly cost)
68
Indirect salary percentage

5

€/a

18
68

€/h
%

0.90
55
4000
28000
300

0.9
€/l
55 l/100 km
4 000
€/a
28 000
€/a
300 €/tyre

5

€/a
€/a

41 794
4 000
1 500
4 500
2 000
2 000

Variable cost factors
Fuel price
Fuel consumption
lubricants cost
Repair/service
Tyres (coating)
Total variable costs

intermediate result

11000
2500
5000
1000
4000

1 176 €/a

115 236
78 360

0.495
0.018825383
0.131777679
0.09
0.74

14
66

€/a
€/a

1.00
43
2000
17000
200

€/km
€/km
€/km
€/km
€/km

Costs
Fixed costs
Salary costs
Variable costs
Entrepreneurial risk
TOTAL costs
Unit costs

Mileage costs

18

64 978
193 596
156 180
20 738
435 492
6.84

€
€
€
€
€
€/m³

2.05 €/km

Costs for driving
Costs for standing
Tot hourly costs

Kiinteät kust. (aika)
Muuttuvat kust. (matka)

97.3 €/h
46.2 €/h
72.0 €/h

42.78
0.74

€/operating hour

€/km
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6. Results case study

6.2 Results of the simulation study
The multi-assortment method decreased the time consumption particularly for driving
between piles (see Figure 5). The number of rides between piles was 1,152 times in
the single-assortment load method, whereas in the multi-assortment load method
driving between piles was 794 times. This is a 31% decrease. On the other hand the
off-shift time increased in the multi-assortment load method mainly because of
roadside storages was finished earlier during June before the holiday month (July) in
the multi-assortment load method.

Figure 5. Time element distribution and time durations for studied scenarios. One year
simulation experiments.

The given total timber demand of 258,000 solid-m³ was a bit too high for both
scenarios to be completed with the preset work shift arrangements by four trucks.
The multi-assortment method could achieve 253,175 m³, whereas the singleassortment method could achieve a bit less: 249,895 m³ (Figure 6). With a 2%
smaller amount of operating hours the multi-assortment method still achieved 1.3%
more transported timber during the simulation run of one year.
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Figure 6. Performance values in transported timber and total operating hours per one year.

The multi-assortment load method was on average 3.3% cheaper than the single
assortment load method (Figure 7). In addition, the driving performance - presented
as solid-m³ of timber per 100 kilometers - was 4.0% higher with the multi-assortment
load method.

Figure 7. Relative transport costs and driving performance in the scenario comparisons. A
cost level of 100% was set for the single-assortment load method.
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6.3 Discussion
For these simulations, original roadside storage data of the logistics company was
not available. Therefore, a reconstruction of data from previous roadside storage
material covering the same area was carried out. Data adjustments were done by
using knowledge of the operational environment offered by company members.
Nevertheless, storage data can vary a lot even between subsequent years, and
therefore, simulation with reconstructed data was justified. For the future studies,
simulations allow to test different kind of operational environment with varieties in
storage data.
The simulation scenarios did not include elements which would affect with longer lay
down periods for the trucks such as thaw seasons or sudden changes in timber
demand. Timber transports were running with the preset shift arrangement through
the year, and therefore, results in transport performances of trucks were
overestimations and transport costs were underestimations. However, this did not
have any effect on the reliability of results when comparing scenarios.
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7. Conclusions and recommendations

7.1 Conclusions
A detailed and precise simulation model for analyzing timber truck transport logistics
was compiled in S2Biom project using the Witness software. The simulation model
has proved to express well the behavior of truck transports of timber. According to
the first feedback from the personnel of the logistics company, the model could
certainly be used for supporting their decisions on enhancing the transport
operations.
Compared with the other logistical assessment methods in S2Biom, i.e., BeWhere
and LocaGIStics, Truck Transport Logistics is the most detailed one. This means that
it can simulate the operation of real logistical chains and even the interactions
between logistical components and stochasticity can be taken into account. The
downside of this ability is that very detailed input data, which not always is available,
is needed. The model also needs to be tailored to the operating environment which
requires expertise. Therefore, Truck Transport Logistics is not publicly available
unlike the two other tools. The ones interested in the model are advised to contact
the authors of this report.
The multi-assortment load method offers a nearly 4% improvement potential for the
transport economy compared to the prevailing single-assortment load method. Small
assortment piles at roadsides cause difficulties in efficient timber transport due to
driving between piles and the need of loading many small piles for filling the entire
load space. The multi-assortment load method decreases drastically the number of
rides between piles and, therefore, improves performance of the fleet.

7.2 Recommendations
Research topics for the future in timber transports by road with the Witness
simulation model would be to study the effect of bigger roadside storage sizes,
smaller number of timber assortments, including terminals and including high
capacity trucks for long distance transports. In addition, the influence of bigger trucks
for transporting timber from roadside storages to mills could be tested with the
Witness simulation model.

22

D3.2

References
Asikainen, A. 2001. Simulation of logging and barge transport of wood from forests
on islands. International Journal of Forest Engineering. Volume 12(2).
Karttunen, K., Väätäinen, K., Asikainen, A. & Ranta, T. 2012. The operational
efficiency of waterway transport of forest chips on Finland’s Lake Saimaa. Silva
Fennica 46(3): 395–413.
Lanner
2016.
software.html

2016.

http://www.lanner.com/technology/witness-simulation-

Strandström, M. 2016. Puunkorjuu ja kaukokuljetus vuonna 2015. Metsätehon
tuloskalvosarja 4a/2016. Metsäteho Oy. 32 slides.
Tehokas puuhuolto 2025. 2015. Metsäteho Oy. 12 p.
Valtioneuvoston asetus 2013. 2013. Valtioneuvoston asetus ajoneuvojen käytöstä
tiellä
annetun
asetuksen
muuttamisesta.
407/2013.
http://www.finlex.fi/fi/laki/alkup/2013/20130407?search%5Btype%5D=pika&search%5
Bpika%5D=ajoneuvon%20mitat%20ja%20massat
Windisch, J., Väätäinen, K., Anttila, P., Nivala, M., Laitila, J., Asikainen, A. & Sikanen,
L. 2015. Discrete-event simulation of an information-based raw material allocation
process for increasing the efficiency of an energy wood supply chain. Applied Energy
149: 315-325.

23

