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1. Introduction 
 
 
Task 2.3 of BECOOL will perform two European case studies for WP3 and WP4 with the improved 
assessment tools. Different logistical concepts originating from Task 2.1 like intermediate storage 
(biomass yards) and direct supply to plant in the supply chain will be compared. Another option 
could be to compare supply chains based on small-scale conversion (decentralized) with those for 
large-scale conversion (centralized). Furthermore, the use of the ‘biocommodity’ concept to enable 
supply to other regions or countries could be assessed. Also exchange of feedstocks with Brazil will 
be considered. 

For this assessment the following actions are needed: 

 model the logistical concepts in the tool specific format of BeWhere, LocaGIStics and Bioloco; 

 run an iterative process of calculation, assessment and adjustment of chain variants; 

 compare results for different logistical concepts; 

 distil lessons learned and best practices in logistical biomass delivery chain design; 

 evaluate and report on the final results; 

 develop clear user manuals for the logistical assessment tools so that they can be used in 

new cases for the development of the advanced biofuels sector both in Europe and Brazil. 
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2. Design components of the generic value chains 
 

The generic value chains are the ones that will also be analyzed in the LCA studies of WP5. In the 
regional case studies these generic value chains will be partly expanded looking at the specific 
situation in that region (e.g. include different feedstocks; see Chapter 6 and 7). The data on the 
components of the generic value chains that are discussed below are summarized in Annex A ‘Data of 
the design components of the value chain’. These assumptions are a result of various discussions at 
project meetings (Vienna, Hengelo, Recife) and intermediate Skype meetings in which a choice was 
made of all possible options that were described in BECOOL D2.1 (Annevelink et al., 2018). The 
components of the generic value chain that are described are: 

 feedstock; 

 logistics; 

 conversion technology. 

2.1 Feedstock 

Several aspects of the feedstock component need to be addressed: 

 biomass types chosen; 
 form and size at roadside; 
 moisture content (MC); 
 yield (dry matter and fresh matter); 
 harvesting period; 
 storage requirements.  

2.1.1 Biomass types chosen 
We should choose value chains that are ready for implementation. Therefore, the main consideration 
of the WP1 group was to choose feedstock options that are already common agricultural practice 
and therefor close to reality. 

For the case studies in Middle and Southern Europe the following feedstocks were chosen (chain 
codes can be found in BECOOL D2.1; Annevelink et al., 2018):  

 Giant Reed - GR1, GR2 and GR3 - GR1 is a chain in winter and GR2 & GR3 in late summer. 
 Eucalyptus - EU1 is the choice for Short Rotation Coppice (SRC). As an alternative for SRC EU 

2 could be chosen, although it is less proven at this moment, because it involves natural 
drying. Eucalyptus EU5 is the choice for Medium Rotation Coppice (MRC). EU5 should be 
included since in some areas (e.g. in Galicia, northern Spain with E. globulus, and in 
Andalucia, southern Spain, with E. camaldulensis) the diameter of the stems are large and 
therefore the same method as for MRC plantations could be applied. 

 Biomass sorghum - only SO3 will be taken into account. 

The reason for these choices are as follows: many experimental experiences were collected in the 
past, however only some of the chains were recognized feasible, and a few were selected by the 
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farmers. Regarding Eucalyptus (SRC & MRC) and Sorghum, the selected harvesting options are 
considered to be the most widespread and representative of real farming situations, especially in 
Southern Europe where some industrial experiences are already put in place (e.g. the sorghum 
supply chain used by the ENEL power plant and set up by the COPROB cooperative). The other 
harvesting options, although feasible, are not proven yet at large-scale levels. The same goes for the 
agronomic management practices before harvest operations. These options were selected as they 
are the most commonly used ones today to cultivate the different crops. So we consider them the 
best available and most feasible technologies to grow these feedstocks. 

The irrigation scheme is important for the choice of soils on the maps that are (un)suitable for the 
chosen crops and for the expected yields. The assumptions that were made in GLOBIOM for irrigation 
are: 

1. Energy crops on abandoned land = only a supplementary irrigation at the year of planting 
them 

2. Double cropping crops = need of irrigation was calculated according to rainfall and yield level 

to reach according to UniBO. 

3. Cultivation of annual crops not in double cropping, since one could adapt the planting 

season, no need of irrigation envisaged.  

So the first irrigation scheme proposed is supplemental irrigation only (irrigation will only be applied 
in case the historic average rainfall in determined regions is below the amounts indicated). However, 
even though Giant Reed requires a lot of water, irrigation is not an option for farmers. In northern 
Italy the rainfall yields are acceptable, so no supplemental irrigation is applied after the 
establishment year. For Biomass sorghum and Sunn hemp in double cropping the potential need for 
irrigation was calculated as difference between actual rainfall and the indicated threshold necessary 
to maximize their productivity according to the assumed yield levels. 

For the case study in Northern Europe different biomass types are needed to meet the demand of 
feedstock. The following feedstocks were chosen: 

 Agricultural residues (straw) - no chains were described yet in BECOOL D2.1; 
 Woody forestry residues - no chains were described yet in BECOOL D2.1; 
 Biomass sorghum - only SO3 will be taken into account. 

Agricultural residues (straw) are available as a suitable feedstock in the Northern European regions. 
Input data on the potential of agricultural residues can be obtained, partly from WP1, but also from 
S2BIOM (since BIORAISE only contains residual biomass potential data for Mediterranean countries). 
Woody forestry residues are the second alternative feedstock. And finally we consider the use of an 
annual crop that can be introduced in the rotation of good agricultural land, as suggested in REDII. 
For this purpose biomass sorghum is chosen which is a crop that can grow both in Southern as in 
Northern to Middle Europe.  

2.1.2 Multi-feedstocks 
Since the amounts of required biomass are high we have to think about ways to supply various 
biomass feedstocks to meet the demand. From the sourcing and logistics point of view it is 
preferable to work with a multi-feedstock mix. From the conversion technology point of view it is 
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preferred to source with a very limited diversity in feedstock. So the question is if it is possible to use 
feedstock mixes, and if so how to mix several feedstock types in the supply chain. Several options 
were discussed. 

Constant stable mix 
Unfortunately, the Empyro Fast Pyrolysis plants cannot easily deal with a mix of different biomass 
feedstocks at the same time. We suggested as a first solution to produce a well-defined stable mix at 
the ICP. However, the partners were opposed to that solution. The idea to store different biomass 
types and make a mix at the Intermediate Collection Point to obtain blends going into pyrolysis will 
not work in their opinion because the blend can never be kept stable over the year. There are 
differences in collection times, etc. so it is difficult to store each material separately. Furthermore, 
mixing woody biomass with lignocellulosic biomass from perennials certainly does not make good 
mixes. So, mixing can only be done of pyrolysis oils based on different mono-feedstock.  

Different biomass types supplied in different periods 
In a multi-feedstock system you could have a sequence of biomass from different feedstocks in 
various periods (certain biomass type in period A, another type in period B, etc.) as a possible 
solution. Pyrolysis plants could then be adapted in time to different types of feedstock. Sequencing is 
also better for the MILENA plant than mixing (TNO-ECN). However, we should not definitely say no to 
the mixing solution (VTT). 

Same feedstock per ICP but different feedstocks between the ICPs 
A third solution is suggested where each of the seven Fast Pyrolysis Empyro plants (see the design in 
chapter 4) is supplied by SP-ICPs with only one biomass type. So, all three Slow Pyrolysis ICPs will 
supply the same biomass type e.g. Sorghum to a ‘Sorghum-Empyro plant’. On another Empyro 
location all three ICPs will supply Eucalyptus, etc., This will the depend on the main feedstock in a 
certain region. Based on this second solution the following set-ups could for example be calculated 
for 7 ICPs: 

 Spain: EU 3/7, GR 2/7 and SO 2/7 
 Italy: EU 0/7, GR 4/7, SO 3/7 

But also regional variations on this scheme could be developed. Furthermore, Eucalyptus was 
certainly not preferred as a feedstock in Spain. There are many (ecological) sustainability risks 
connected to it which make the three socially unacceptable in many regions in Spain. So the issue of 
having Eucalyptus in Spanish case needs further discussion. For the case study region in 
Northern/central Europe we assume: 

 Germany: 1/7 Biomass Sorghum, 4/7 agricultural residues (straw), 2/7 woody residues 

Response technological partners 
After further consultation the technology partners decided to make the reasonable assumption that 
mixing different feedstocks at the inlet of thermochemical conversion units (multi-feedstock feeding) 
is possible. However, for pyrolysis mixing feedstock on a daily basis is problematic. Maybe mixing in 
time (blocks of 3 to 4 months) over the year is possible, but still not ideal. In any case for gasification 
mixing feedstock supply is more workable then for pyrolysis. 
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For pyrolysis high ash clearly has negative impact on the bio-oil yield. However, instead of a fixed 
limit, we decided to assume a yield curve as a function of the feedstock mix ash content (Oasmaa et 
al., 2010). Once feedstocks and collection methods will be fixed, conversion yields will be fixed too. 

For gasification we know that the ash components are problematic with regards to agglomeration of 
the bed material. However, we consider lower operating temperatures or adding some materials to 
counteract the ash components. In a modelling exercise this would be not relevant to make the story 
unnecessary complicated. 

2.1.3 Form and size at roadside 
The form of the biomass from the field, e.g. chips, bales or bundles needs to be determined. Each of 
the chosen pathways produces biomass volumes at different particle size (or even entire bails). 
Physical biomass pre-treatments require a conspicuous amount of energy. This is very important 
when Fast and Slow Pyrolysis are compared: while Fast Pyrolysis requires biomass powder, Slow 
Pyrolysis needs biomass particles > 5 cm. So we should consider this parameter too (biomass particle 
dimension) in the case studies.  

2.1.4 Moisture content (MC) 
The required MC for the Fast Pyrolysis conversion is 20%. Therefore, value chain options where the 
feedstock can be dried through natural drying are the preferred, since they require less energy input. 
In southern Europe, crops can be dried on the field (end of summer), however not in wintertime. So 
in the cases studies also value chain alternatives with a higher MC at roadside will be included.  

The MC is the input that is needed to calculate the energy for drying the biomass with Slow Pyrolysis. 
However, it is also important to consider the overall energy requirements of each pathway. It was 
calculated that biomass drying is the most relevant energy costs.  

In Middle and Southern Europe the moisture content (MC) of the biomass at roadside before it is 
transported to the ICP is (where we take one number for the calculations and not a range anymore): 

 GR1 (fresh cutting & chipping): 50% 
 GR2 (mowing, shredding, windrowing & baling): 40%  
 GR3 (mowing, drying on field, picking up & chipping): 30%  
 EU1 SRC (fresh harvesting with cutting & chipping machine): 50% (no natural drying) 
 EU2 SRC (dry harvesting with cutting machine, windrowing, drying, picking up & chipping): 2-

30% (natural drying) 
 EU5 MRC (feller-buncher, chipping): 50% (no natural drying) 
 SO3 (mowing, drying on field, baling): 30% 

As mentioned the MC can be lowered in some cases by natural drying after cutting/ mowing. So first 
of all we should try to choose options that use natural drying as much as possible for the first part of 
the value chain.  

The major part of the 40-50% MC biomass that is supplied to an intermediate collection point (ICP) 
with a Slow Pyrolysis installation will not be dried immediately due to the limited drying capacity per 
day of the SP installation. The SP installation will still be drying biomass after 10 Months if you have a 
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harvesting/ supply window of e.g. two months. So you will get storage problems (heating, 
biodegradation) if the incoming biomass is too wet (>30%). These logistic issues need to be solved. 

Considering the remarks above we would prefer e.g. EU2 that includes natural drying, even if this is 
not common agricultural practice yet. You could argue that Slow Pyrolysis also isn’t common practice 
so also the first part of the chain could have less established set-ups if this has advantages. The CREA 
colleagues consider that even though the EU2 is not a common practice in eucalyptus management, 
this could be an option to be introduced as it is practiced in many other forest species management. 

The Moisture Content for the feedstocks in Northern Europe is: 

 Straw: 18%  
 Woody forestry residues: 50% (fresh) 
 SO3 (mowing, drying on field, baling): 30% 

So Straw would not need any further drying at the ICP since the moisture content is already 18%. 
Therefore, no Slow Pyrolysis would be needed at that ICP. However, we need to check if this MC for 
straw from Northern Europe is realistic. In S2BIOM we indeed mention 15% moisture as typical, but 
this is an average for the whole EU.  

It should be considered if there is a possibility to dry woody forestry residues on the harvesting 
location for some months before collection. This is already common practice in North EU (Sweden, 
Finland), residues usually are extracted and piled at roadside in summertime and then chipped 
during wintertime when there is high demand from the CHPs. That way further drying efforts could 
possibly be reduced. However, it should still be determined (estimated) what MC can be achieved by 
natural drying, to see if drying with SP is needed. Finally Biomass Sorghum also already has a rather 
low MC of 30% but still needs to be dried to the required 20% MC.  

2.1.5 Yield (dry matter and fresh matter) 
The yields below were based on averages of the estimates of all partners. These yields do not refer to 
marginal lands now. However, it might less desirable or even not acceptable to use productive food 
land for these non-food crops. So we will work with two yield levels one for good productive 
agricultural land (shown below) and one adjusted for low productive marginal land.  

The average production dry matter yields that we assume per ha for good productive land in Middle 
Europe are: 

 GR: 20 ton DM/year, so 40 ton fresh at 50% MC; 
 EU: 12 ton DM/year, so 24 ton fresh at 50% MC; 
 SO: 18 ton DM/year, so 25.7 ton fresh at 30% MC.  

The 20 ton DM/year for Giant Reed is what we see in S2BIOM for “High” yield level. When 
considering the marginal land GLOBIOM is using the S2BIOM “Medium” (12-14 ton DM) and “Low” 
(10 ton DM) yield, depending on the degree of marginality. In Northern Europe the yield for Biomass 
Sorghum is lower. For the example of Brandenburg it is rather 11-13 ton DM/year, so 15.7-18.6 ton 
fresh at 30% MC. 
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The yields that were chosen from the ranges mentioned in Table 2.1 in D2.1 are regional averages, 
taking into account better and lesser producing soils. It is always difficult to mention one number for 
yield from the agricultural point of view. However, that we have chosen the most logical number for 
our calculations. 

The potential of forestry residues is very site specific, and depends on a number of aspects such as 
biome1, tree species and their diversity, management type (clear-cut, selective cut, reduced impact 
logging and plantation), silvicultural practices (thinning, pruning) and end product (timber, pulp & 
paper). Also, the residue sources themselves are diverse (twigs, branches, stumps, roots or low-
quality stems). Therefore, forestry residue potential cannot be aggregated easily. In fact most 
literature sources simply assume a percentage of the total tree volume is residue. This range is 
unusually between 30% and 60%. One study arrived to a single number of 46%. 

For our analysis the S2BIOM forestry residue potentials are specific enough. In that assessment we 
distinguish between potentials from thinnings, tops and branches. In the potential assessment we 
did take into account the mix of forest species as this is part of EFISCEN. So we are confident we have 
the good data for that. Furthermore, we have already worked out a good case study in S2BIOM using 
BeWhere for Finland. 

Nilsson et al. (2015) mention some numbers on logging residues at clear-felled areas during 
extraction for bioenergy in terms of t/ha in southern Sweden. They indicated between 20.0-22.1 t/ha 
of residues. We do not know how representative these values could be.  

2.1.6 Harvesting period 
Giant reed has several possibility of collection (period and times) but the most common is the single 
harvest per year, mostly in winter season (to avoid damaging new sprouts and to allow the cycling of 
nutrients between shoots and roots). Eucalyptus is harvested every 2 years in the case of SRC (EU1 
and EU2) and every 4 years in the case of MRC (EU5). In Southern Europe this is done in December 
until March. For Biomass Sorghum the harvest is in September until early October and this implies 
that natural drying in field is not always possible.  

2.1.6 Storage requirements 
Bales of GR and SO with 30% MC can be stored without problems. However, in GR2 we have 40% MC 
so this might give degradation if the bales are not dried soon after they arrive at the ICP. The same 
holds for the Eucalyptus chips with 50% MC. 

2.2 Logistics 

The logistics have to connect feedstock at road side with the gate of the conversion plant (see Annex 
B. ‘Value chain design schemes‘). Logistical components that will be used to achieve this connection 
are:  

 size reduction; 
 drying; 
 storage; 

 
1 Biome = a community of plants and animals that have common characteristics for the environment they exist in. 
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 transport; 
 indirect delivery to the conversion site through an Intermediate Collection Point (ICP) versus 

direct delivery to the conversion site. 

2.2.1 Size reduction 
Physical pre-treatment of the biomass is important, but it depends on the type of biomass. Size 
reduction will be needed in case bales are the harvested form in of the value chain. Then the bales 
will need to be chipped before they can be dried.  

2.2.2 Drying 
As mentioned natural drying is always preferred since it requires no energy inputs. However, when 
additional forced drying is needed, then it will be an important consideration to choose whether the 
required energy source for drying will be fossil (e.g. diesel) or if it can be a renewable source e.g. with 
gas that can be delivered by a Slow Pyrolysis installation. So drying is a pre-requisite otherwise no 
year-round security of supply can be guaranteed, because for storage we need drying. The challenge 
now is choosing the drying capacity. If you cannot immediately dry, you cannot store it. So the 
conclusion is that we need a bigger drying installation. The question is then where does the biomass 
come from for the slow pyrolysis for drying? A suggested solution is to source the slow pyrolysis for 
drying with residues instead of crops. Year round operation of the pyrolysis and gasification is a pre-
requisite. Cannot make a business case if not supplied through the whole year. 

Drying could be done slowly (each month same amount) or quickly (drying in same month when it is 
received) (Table 1). The first option has the disadvantage that there is possible degradation of the 
biomass, and the second that you will need a higher drying capacity which will be idle for a large part 
of the year. 

Table 1. Slow drying option, that needs a lower drying capacity but a higher storage capacity, 
compared with quick drying option that does not need much storage capacity. 

Month Supply Low drying 
capacity 

Fresh 
biomass to be 

stored 

high drying 
capacity 

Fresh 
biomass to be 

stored 
1 40 10 30 40 0 
2 40 10 60 40 0 
3 40 10 90 40 0 
4 - 10 80 - 0 
5 - 10 70 - 0 
6 - 10 60 - 0 
7 - 10 50 - 0 
8 - 10 40 - 0 
9 - 10 30 - 0 

10 - 10 20 - 0 
11 - 10 10 - 0 
12 - 10 0 - 0 
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Figure 1.  Storage example. 

2.2.3 Storage 
Storage will be an important factor in the chain design because all biomass types will be harvested 
only once during a window of 1-4 months, and it is needed year-round. Biomass cannot be stored 
without risk when it is too wet because then you will have degradation and heating, which causes 
loss of a certain amount of the biomass and possibly even fires at the storage location. When the 
biomass is directly transported to the Empyro/Milena site in the harvesting months then large 
storage facilities will be needed at the Empyro/Milena site to cover the demand in the other periods 
because the conversion sites need. to operate year round (Figure 1).  

2.2.4 Transport 
Transport can be done with different types: 

 Direct transport can be done with a tractor with a farm trailer (chips) or with a tractor with a 
flatbed farm trailer (bales) or with a truck with a trailer (chips) or with a truck with a flatbed 
trailer (bales). 

 For indirect transport through an ICP the first part will be done by tractor and the second part by 
truck  

 The final transport of the slurry will be done by tanker truck.  

2.2.5 Indirect delivery 
Indirect delivery through ICPs avoids problems at the final conversion site like the at the need for 
much storage capacity. The exact location of the ICP needs to be considered per case study. 
Somewhere in the middle between the field and the conversion plant is an option, but it could also 
be relatively closer to the fields than to the conversion plant. Otherwise transport could become less 
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efficient. So it is important to understand how to deal with intermediate collection points in the 
value chain design. 

2.3 Conversion technology 

Two thermochemical conversion routes to FT biofuels are considered in the assessments: 

 Fast Pyrolysis (Empyro) followed by Entrained Flow Gasification (EFG); 

 Milena (gasification). 

The size of the conversion plant was extensively discussed. The biomass demand for the EFG size (100 
MW input) plays a major role. The question was if the size of 100 MWth is really necessary or not? 
This was questioned because this size requires a huge amount of biomass feedstock, and it will be a 
major challenge to source that much biomass. In theory it would be best to downscale the 
technologies to smallest possible size, given the logistical feasibility. So the question is what size is 
minimally feasible for the conversion options. It was demonstrated that an EFG reactor smaller than 
100 MW input, is not feasible. If downscaling is to be considered, it would preferable be for the 
Milena plant. With the liquid feedstock it is not possible to downscale and with the biomass it could 
be. The Milena plant would become half the size of the EFG reactor (100 MWth) then, so 50 MWth 
for Milena. In the end it was agreed upon to size the whole value chain at 100 MWth (LHV) input to 
the gasification plant, ∼50 MW FT products out. All other plants are sized to EFG, apart from 
EMPYRO which is an already commercial unit. All thermochemical plants running hours are fixed at 
8,000 hours per year (20% first year and then 100%). 

As regards the feedstocks fed to the gasifiers, it was agreed to consider: 

 Fast Pyrolysis Biooil (FPBO) to EFG; 

 FPBO/char slurry to EFG ; 

 Solid biomass to MILENA gasifier; 

 Solid biomass/char blend to MILENA gasifier. 

The conversion technology always needs feedstock with a maximum of 20% MC, so all of the biomass 
above this limit will have to be dried. In all cases decentralised Slow Pyrolysis is used to dry the 
biomass and to produce char. Since the early stage of the project, we have considered substituting 
the fossil consumption for pre-treatment with renewable heat, and generating dry feedstock for 
FP/Gasification. Slow Pyrolysis can handle a mix of different biomass types (whereas this is much 
more difficult for Fast Pyrolysis). Slow Pyrolysis offers renewable heat as coproduct with the solid 
carbon (biochar) with two further advantages:  

1) flexibility in terms of size, thus adaptability to the farm-scale, which can be quite small in 
Europe compared to the biofuel or bio-intermediate plant dimension; 

2) the possibility of using the solid carbon as feedstock for the fuel production process, through 
gasification (dried biomass + char blends) or by producing FPBO/char slurry further gasified 
(the approach of Bioliq/KIT in Germany). 

Besides feeding the char to the next thermochemical process (either Fast Pyrolysis or Milena) it could 
also possibly be used as a biobased fertilizer to improve the soil, and thus close the cycle 
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(Chiaramonti & Panoutsou, 2019). However, this still needs to be checked by the agricultural partners 
of BECOOL (in WP1). 

The renewable heat of the Slow Pyrolysis process dries the biomass from 40% to 20% MC, under the 
reasonable assumption that 40% MC can be reached by natural drying on the field, and that both 
Milena (gasification) and Empyro (Fast Pyrolysis) can accept biomass with 20% MC (as stated by BTG 
and TNO).  

Biochar is not lost, but reintroduced in the flow as blend with dried biomass or solid in the FPBO-
biochar slurry. Thus, using biochar in the process is key to largely increase the energy balance. If you 
analyse the sizing of a Slow Pyrolysis unit in an ICP, it turns out that the amount of biochar available 
well matches with the fast pyrolysis oil that is available, some 90-10%, perfect for slurry making, or 
with the gasification case, which again is 90-10% (80-20% in energy terms). 

It could be argued that extra biomass will be needed for the Slow Pyrolysis process to dry the 
biomass for the Fast Pyrolysis process. However, this "additional" biomass needed in case of 
integrating Slow Pyrolysis in the value chain is not all really additional. In particular because: 

a) in part, it substitutes the fossil fuel consumption that would anyway be needed to treat the 
biomass prior to pyrolysis/gasification processing; 

b) through production of slurry, or blending with biomass, most of the original carbon can be 
anyway fed to pyrolysis/gasification, thus it not additional but substitutes some of the fresh 
biomass input otherwise needed. 

Experimental data were provided from TNO (gasification), VTT (fast pyrolysis) and RECORD (slow 
pyrolysis). With respect to gasification, MILENA will be the origin for the experimental data on this 
process. However, as MILENA is not seen as the most appropriate solution to process certain 
feedstocks, such as a mix of char and biomass, other gasification technologies will be considered 
based on literature data to provide input to the modelling phase. 

Intermediate Pyrolysis was definitely skipped as a conversion technology in the value chain designs. 
This was based on a value chain assessment, and considering the typical size of the very few 
Intermediate Pyrolysis systems available on the market, this option has been retained not yet 
competitive with the others. 
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3. Integrated value chain design options 
 

3.1 Rationale behind chain design  

In order to keep a good overview of the various options and results, it is important to keep the 
number of value chain designs limited, and to make specific choices beforehand. This will be 
discussed in this chapter. 

Different routes to FT fuels through biomass pyrolysis (Slow Pyrolysis/Fast Pyrolysis) & gasification 
were examined. Various value chain options were discussed, with the aim of optimising the energy 
cost of the whole value chain, and not just of the processing plant. 

The first basic design option was always to transport all biomass feedstock directly from the field to 
the conversion plant, which was called LO1 in Annevelink et al. (2018). That basic design was then 
compared with other design options where a choice was made to transport all the biomass through 
intermediate collection points (ICPs) to the conversion plant. 

When very large supply chains, as the ones based on FT processes (100 MWth, 400,000-600,000 t 
fresh matter/year of feedstock supply), are to be developed, biomass must first be collected in a 
number of decentralised Intermediate Collection Points (ICP) of smaller size. The energy and 
environmental effort for processing the biomass on site using fossil fuels can be relevant, and could 
represent a significant component on the overall sustainability and economic performances.  

The quality of the value chain should be measured as [kJ consumed per kJ of final fuel product]: this 
number includes all energy costs, from biomass harvesting to transportation, to pre-treating the 
feedstock, to converting into biocrude and then into the end product. And sometimes here one could 
find that a technology looking as very efficient (in terms of feedstock-to-liquid conversion), but very 
demanding in terms of on-field feedstock pre-treatment, could instead perform comparably to 
another process, apparently less efficient in converting feed-into-fuel but less challenging on pre-
treatment effort. 

The need to pre-treat (dry & comminute) in decentralised Intermediate Collection Points (ICPs) was 
discussed. It was agreed upon to limit as much as possible the on-field use of fossil fuels (e.g. diesel 
oil), providing renewable heat & generating co-products (char) for the agronomic chain.  

Biomass is collected (after harvesting) at a very different conditions. Depending on the harvesting 
site and the biomass type the MC varies from 10-15% (straw collected in August in Southern EU) to 
50% and even more (woody biomass in North EU). Wet biomass cannot be stored in large volumes, 
as needed for biofuel chains.  

Both fast pyrolysis and EFG gasification require very dry and grinded biomass (and biomass grinding 
and drying are also connected steps). Having very dry and finely grinded biomass (and low ash) is 
needed to get a good FPBO yield and quality (and in fact Empyro uses broken wood pellets collected 
in Rotterdam harbour which are very dry and have low ash). The grinding and drying actions are 
normally done on the field, commonly, using fossil fuels. This happens both in EU and Brazil (the case 
of the Brazilians is even worse, where fossil fuels need to be transported by truck over very large 
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distances to the biomass production areas). MILENA gasification does not require very dry biomass. A 
moisture content of 30% is acceptable, as shared in the feedstock specs table of WP3. Also the 
biomass only has to be chipped, no grinding. So this is very different from the fast pyrolysis EMPYRO 
process.  

As an alternative, slow pyrolysis (SP) can generate heat for near-field biomass drying, as well as 
generate biochar for field use or for co-feeding to Milena (i.e. biochar blended with biomass) or as 
for FPBO/Char slurry making prior to gasification. However, when the specific biomass feedstock is 
already sufficiently dry due to natural drying, the slow pyrolysis step will not be necessary of course. 
This moisture content of the biomass will depend on the biomass type, harvesting system and also 
on the country in Europe (dry or wet climate). 

Value Chains were thus based on decentralised Slow Pyrolysis producing heat and biochar, at an 
variable scale (we suggest 1 t/h at inlet, as first guess). Slow Pyrolysis can process low quality residual 
biomass, any size. 

So summarizing the value chains are designed as follows: 

 Fast Pyrolysis is fed with dried biomass (dried using heat from Slow Pyrolysis), which 

produces Fast Biomass Pyrolysis Oil, mixed with Char to make a slurry and then fed to the 

EFG (Entrained Flow Gasification) reactor; 

 Milena and other types of FB Gasification are fed with dried biomass (again with heat from 
Slow Pyrolysis) + a share of biochar; 

 Syngas from both processes can be fed to the FT unit to deliver a Bio-Crude , from which 

diesel and biojetfuels can be made. 

The proposed system options should be considerably more efficient and suited to decentralised 
approach then the corresponding fossil-based one or the direct feeding to the plants. This approach 
could be even more interesting in the EU then in Brazil, given the fact that land is highly fractionated 
in EU, compared to Brazil. Of course one could also always decide to use the char in the soil as 
fertilizer and not in fuel making, but this issue is not addressed in BECOOL. 

The following design options will be described in the next sections: 

 Initial Reference Case Study - Fast Pyrolysis (Empyro) followed by Entrained Flow Gasification 
(EFG); 

 Initial Reference Case Study - Milena (gasification); 

 New revised Case Study - Slow Pyrolysis combined with Fast Pyrolysis (Empyro) followed by 

Entrained Flow Gasification (EFG); 

 New revised Case Study - Slow Pyrolysis combined with Milena (gasification). 

The detailed schemes of these revised designs can be found in Annex B.   
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3.2 Initial Reference Case Study - Fast Pyrolysis (Empyro) followed by Entrained Flow 
Gasification (EFG) 

The biomass with 40% MC is harvested, chipped and dried on site to 20% MC (Figure 2). The heat 
generation (fossil, renewable…) for drying is not yet addressed. Then the biomass with 20% MC is 
transported straight to the Empyro site to be fed to the Empyro Fast Pyrolysis process. Then the 
biooil of multiple (about 7) Empyro plants is then transported to the site of the EFG plant.  
 

 

Figure 2.  Initial Reference Case Study - Fast Pyrolysis (Empyro) followed by Entrained Flow 
Gasification (EFG). 

3.3 Initial Reference Case Study - Milena (gasification) 

The biomass with 40% MC is harvested, chipped and dried on site to 20% MC (Figure 3). Where the 
heat for drying comes from (on-site natural drying by sun & wind, fossil, renewable…) is not shown 
here (but is explained in next section) . Then the biomass with 20% MC is transported straight to the 
site of the Milena plant. 

 

Figure 3.  Initial Reference Case Study - Milena (gasification). 
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3.4 New revised Case Study - Slow Pyrolysis combined with Fast Pyrolysis (Empyro) 
followed by Entrained Flow Gasification (EFG) 

The biomass with 40% MC is harvested, chipped and dried to 20% MC to feed Empyro (Figure 4). In 
this case drying done by renewable heat from small-scale decentralised SP units, placed at 
intermediate collection points (ICP). Only moderate natural drying to 40% is assumed. A distributed 
ICP configuration is thus conceived, with multiple moving bed/rotating kiln slow pyrolysis units (well 
down-scalable, i.e. size adjusted to local needs) providing renewable heat and optimizing energy use 
in biomass logistics. Besides heat also slow pyrolysis char is produced. This biochar can either be used 
as soil amendment, or as solid component to make PO slurry. The final slurry composition is almost 
the same as the sample already under study in BECOOL (85/15%wt «calculated» vs 90/10%wt 
«tested» of FPBO/Slow Pyrolysis Char) 

 

Figure 4.  Slow Pyrolysis at an Intermediate Collection Point to dry biomass for Empyro. 

The characteristics of this network design of the value chain (Figure 5) are: 

 1 ICP needs 2.3 t/h biomass input to 1 Slow Pyrolysis plant, which can dry (2.2 MWth) the 5.8 t/h 
(biomass in) needed by 1 Empyro; 

 If we prefer to reduce the size of the ICPs, we can consider 3 ICPs (with 1 t/h input Slow Pyrolysis 
each, i.e. with some excess capacity) to feed 1 Empyro; 

 7 Empyro plants feed 1 EFG (100 MW); 
 7 ICPs with 2.3 t/h Slow Pyrolysis or less than 21 ICPs with 1 t/h Slow Pyrolysis 
 
Based on the previous analysis, the rough figures for the biomass to FT products look like this: 

 FPBO to EFG: 10.7 t/h (40% MC) x 6.4 Empyro plants = 68.5 t/h (40% MC) to feed the EFG plant 
with FPBO, and then the FT reactor generating 50 MW FT products à 68.5 t/h x 8,760 h = 600,060 
t/y biomass (40% MC). 

 In addition to this 3.584 t/h x 8,760 h/y = 31,395 t/y char, which can be used by making a slurry 
for the EFG gasifier (additional FT products) or used in the soil as amendment. 
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Figure 5.  Feedstock flow in the supply network towards EFG. 

3.5 New revised Case Study - Slow Pyrolysis combined with and Milena (gasification) 

The biomass with 40% MC is harvested, chipped and dried to 20% MC to feed Milena (Figure 6). In 
this case drying is also done by renewable heat from small-scale decentralised SP units, placed at 
intermediate collection points (ICP). Only moderate natural drying to 40% is assumed. A distributed 
ICP configuration is thus conceived, with multiple moving bed/rotating kiln slow pyrolysis units (well 
down-scalable, i.e. size adjusted to local needs) providing renewable heat and optimizing energy use 
in biomass logistics. Besides heat also slow pyrolysis char is produced. This biochar can either be used 
as soil amendment, or the biochar can be co-fed to Milena gasification with the biomass. The final 
feedstock composition is ∼90/10%wt. biomass/biochar (corresponding to ∼80/20% in terms of 
biomass/char energy ratio). However, these assumptions are also still under discussion in WP3. For a 
MILENA plant, there is no real benefit for mixing in biochar. In case the biomass is <30% MC, no 
drying is required nor SP. If some drying is required to <30%, on site with residual FT gas and excess 
heat would probably be most efficient, where Fischer-Tropsch off-gas is available as well as excess 
heat. 

 

Figure 6.  Slow Pyrolysis at an Intermediate Collection Point to dry biomass for Milena. 
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The characteristics of this network design of the value chain (Figure 7) are: 

 1 ICP would need 10 t/h Slow Pyrolysis, which can dry the 23.2 t/h (biomass in) needed by 1 
Milena (100 MW); 

 However it could make sense to further decentralise the on-field biomass pre-treatment (drying) 
into smaller units (i.e. smaller scale ICPs). For instance 10 ICPs of 1 t/h SP each could dry the 
biomass for 1 Milena, sufficient for the FT production. 

 
Based on the previous analysis, the rough figures biomass to FT products would look like this: 

 Biomass to Milena: 45 t/h (40% MC) to feed 1 Milena gasifier with biomass, and then the FT 
reactor generating 50 MW FT products à 45 t/h x 8,760 h/y = 394,200 t/y biomass (40% MC). 

 In addition to this, 2.5 t/h x 8,760 h/y = 21,900 t/y char, which can be used as co-feed with 
biomass in Milena or other type of gasifier (additional FT products) or used in the soil as 
amendment. 

 

Figure 7.  Feedstock flow in the supply network towards Milena. 

3.6 Rough estimate of required area 

It was calculated that for one ICP supplying an Empyro plant you will need 10.7 t/h at 40% x 2,920 
hours = 31,244 ton/year at 40%. That is 18,746 ton DM/year. At an average yield of 10 ton 
DM/ha/year that would mean that you need 1,875 ha to supply the ICP.  

There have been studies in the US that you could use 5-10% of the arable land for biobased/energy 
crops. If we assume 5% in Italy that would mean that an ICP would source from an area of 20 x 1,875 
= 37,500 ha arable land. With only agricultural land use that would be an area with a collection radius 
of 10.9 km when the ICP is in the middle of the collection area. When we assume only 50% 
agricultural land use (rest for cities, roads, lakes, forest, etc.) this will be 75,000 ha with a collection 
radius of 15.5 km per ICP. 

In a study on crop based lignocellulosic feedstocks for the production of advanced biofuels (150-250 
Ml y-1 plant capacity) all the biomass should be sourced within 100 km radius (Kretschmer et al., 
2012).  
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4. Defining the regional case studies (Bioloco & LocaGIStics2.0) 
 

4.1. Regional case study areas 

The project plan stated that we need to be able to apply the value chain models to the whole of 
Europe. Therefore, the approach needs to be tested in regional case studies. So at first a 
regionalization of Europe is needed. Furthermore, the replication process in Europe is challenging 
because feedstocks will differ per region. An important factor will be where the value chain is 
positioned: e.g. a Southern Mediterranean region or in a Northern European region. Different drying 
requirements will appear in different regions. We suggest to use the terms Northern European 
region (e.g. Northern France or Germany), Middle European region (e.g. North of Italy) and Southern 
European region (South of Italy, Spain). These are not the real climatic zones, but they do address the 
comments of the EC that the case studies have to be in different regions. 

After taking into account several options two specific case study regions have been chosen: i) Emilia-
Romagna in the North of Italy representing a Middle European region and ii) Brandenburg in 
Germany representing a Northern European. Furthermore there is a link of the Brazilian case study 
with the second regional case study. 

4.1.1 Case study Emilia-Romagna (Italy) – Middle European region 
The three crops that were chosen (see Chapter 3) for Middle Europe cases study (Figure 8), can in 
principle be grown in the southern regions. However, Eucalyptus will not be included as will be 
explained later on. The crops are being studied in great detail in WP1, so many data will be available. 
In Middle Europe we can use natural field drying, except for Giant Reed which we could consider for 
forced drying. However, if harvested at the end of winter (end February-beginning of March) field 
drying could already lower the moisture contentment to about 30-35%. So for the crop based value 
chains we focus on Middle Europe.  

 

Figure 8.  Emilia-Romagna cases study region (Italy). 
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4.1.2 Case study Brandenburg (Germany) – Northern European region 
For the Brandenburg case study region (Figure 9) three types of biomass were chosen, biomass 
sorghum and two types of agricultural and forestry residues (straw and woody). Agricultural residue 
based value chains can be based everywhere in Europe. Straw e.g. is common for all regions. Here 
they are chosen in the case study in a Northern Europe region. It is not considered a realistic option 
to transport the dried biomass crops from a Southern European region to a Northern European 
region, so this will not be considered in the case study. Biomass will be processed near the location 
where it originates. We will focus not only on the agricultural and forestry residues but also on a 
combination of a crop (biomass sorghum) with the residues. 

 

Figure 9.  Brandenburg case study region (Germany). 
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4.2 Feedstock 

4.2.1 Biomass mix - value chain selection 
The selection of crops to be included in the regional model assessments will need to be based on 
crop (climatic) suitability. 

Much information on biomass sourcing (cultivation and harvesting) was already provided in the WP5 
data sheets. Particularly data were provided on Giant Reed and Sorghum. All biomass sourcing data 
in the WP5 data collection sheets come from the field experiments in the BECOOL project and 
literature review. These are the most reliable data. The data in the collection sheets are guiding and 
D2.4 will follow these data. 

The data input for cropping and harvesting in the WP5 data sheets sometimes differ with the values 
in Annex A. As soon as there is a range of values, there will be inconsistencies in data inputs between 
the models. Between WP2 and WP5 we have made joint decisions on final input factors used.  

As feedstock from crops the following were initially selected: 1) Giant reed, 2) Eucalyptus and 3) 
Biomass sorghum. These three crops are only suitable to be grown in Southern and Middle Europe. 
Biomass sorghum has the largest suitable area but is clearly not suitable to grow in most of northern 
Europe, but in Central Germany it can be grown well, both as a single crop or in a double cropping 
system. Eucalyptus and Giant reed can only grow in most of the Mediterranean areas although also 
in mountainous areas in that region where the growing season is too short and killing frost occurs it 
cannot be grown.  

In addition to crops also residues were selected: 4) Primary agricultural residues (straw) and 5) 
Primary forestry residues. Furthermore, two more additional biomass types were discussed to be 
taken into account: 6) Sunn Hemp and 7) Poplar SRC or Poplar coppice with 10 year rotation.  

It was decided that the number of regional case studies should be limited to only two. This will be 
Emilia Romagna in Italy, and Brandenburg & Mecklenburg Vorpommern in Central Germany, because 
this last region is suitable for the production of sorghum and has a large straw potential. This is in full 
accordance with the DOW WP2 that promised to perform two regional case studies. 

A discussion document was prepared explaining the current region-value chain selection, and the 
problem encountered to finalize value chain selection. This document was discussed with the WP1 
partners. In Table 2 an overview is given of the final decisions taken regarding case study region 
biomass feedstock mix. 
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Table 2.  Mix of biomass types used in the two regional case studies. 

Case study region 
(for LocaGIStics and 
Bioloco) 

Case study country 
(for BeWhere & 
GLOBIOM) 

Biomass feedstock 

1) Emilia Romagna Italy  Giant Reed 

 Biomass sorghum as intercrop 

 Poplar 

 Primary agricultural residues (only wheat straw 

(most available) & barley straw (not much, 
mostly used as fodder already)) 

2) Brandenburg  
(southwest where 
most straw is 
available) 

Germany  Primary agricultural residues (only straw) 

 Primary forestry residues 

 Biomass sorghum (possibly as intercrop) 

 Imported pellets and pyrolysis oil (Hamburg) 

from sugarcane straw, bagasse and Eucalyptus 

from Brazil (case with BIOVALUE) 

4.2.2 Giant Reed 

There is a different perception of Giant reed in EU and USA. In USA it is considered an invasive 
species, hence its cultivation is forbidden. One of the centers of origin of Giant Reed is the 
Mediterranean basin, and therefore Giant Reed is well known and diffused in EU, mostly in the south 
and hence it is not considered as invasive species in the EU. In Renewable energy directive II it is 
reported that Giant Reed (Arundo donax) as one of the crop eligible for advanced biofuel and able to 
reduce GHG emissions by 70% (one of the highest values). In fact, the European commission 
considers Giant Reed one of the most cost-effective and environmentally friendly crops and this is 
why is considered in the BECOOL project. Hence, WP1 agreed that it is better to include Giant reed 
for the following reasons: 

1. It is a crop addressed in WP1 of the BECOOL project and there are examples of previous 
successful chain for Italy (Biochemtex) and we cannot state that is invasive in Europe; 

2. After establishment it does not require particular inputs. (irrigation is needed only during the 

first 3-4 months of establishment in the 1st year); 

3. Farmers are not open to it right now because there is no chain, but in case of a good market 

value for Giant reed biomass they will be open to it. 

So the question is where to place Giant reed? Marginal and abandoned lands with the irrigation 
option (not sure the acreage of these land class in Emilia Romagna). 

Still it was decided that in our assessments (and publications) we will include chains sourced by it. 
This was because the WP1 partners explained that the invasiveness of this crop is limited in Europe. 
So it is accepted to select it for the case region of Emilia Romagna. 
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For the allocation of giant reed (and also poplar) we plan to use the LPIS data for 4 years. The unused 
fields are the ones unused for 4 years in a row. We limit it to only former cropping land, and do not 
include unused former permanent grasslands as these are considered food land used for forage 
production/pasture.  

One of the issues to discuss with WP1 is the NPK and water input levels in relation to yield levels. 
There may be a risk to assume over-fertilization particularly for P. The same applies to crop 
harvesting options and relation to yield. Balanced fertilization only makes sense for nitrogen as this is 
applied in perennials (Giant reed) at a yearly basis. For P and K which is much more stable and is 
gradually released we can be assume only a gift in the first year. After that every year, only for N give 
back removal (about 100 kg /ha). So only for N balanced fertilization. For sorghum, which is an 
annual we assume one gift of NPK at the establishment. It is logical to tune the gift to the yield level. 

A fertilization strategy for Giant reed calculation based on the crop removal is (Monti et al., 2008): 

 N: 100 kg/ha/y. Annual application 

 P2O5: 15 kg/ha/y. To apply the whole in pre-planting. 15 kg P2O5 * Number of years of the 

plantation 

 K2O: 134 kg/ha of annual uptake, but not to apply 

For irrigation there is only some irrigation assumed at crop establishment (1st year of cultivation) 
since these are perennials that will occupy the land for 10-15 years, only at year 1. They usually apply 
200 mm of water (2,000 m3/ha) spread during the first growing season. The water demand at 
establishment can be extrapolated to all regions suitable for Giant reed production. Water needs of 
crop at establishment will be compared against regional evapotranspiration values. The difference is 
the irrigation water input need. This is relevant for modelling assessments with GLOBIOM 
(Mediterranean region), BeWhere (Italy) region and for ER case region (in LocaGIStics and Bioloco). 
For perennials, we decided to apply the establishment irrigation anyway because that is needed in 
the first year. For sorghum in double cropping we adapt irrigation to precipitation amount. 

The moisture content of Giant reed depends strongly on the harvest moment. For Giant reed it is 
logical to assume a harvest at end of winter (February/March). 

The relationship of fuel demand/consumption, harvesting costs and time investment is complex and 
is effected by several parameters such as biomass productivity, field size and shape. However, it was 
decided that harvest activities will be specified per crop and not to make them further specific to 
yield level, field size and shape. This relationship is too difficult to establish. 

4.2.3 Biomass sorghum 
In Emilia Romagna the most suitable biomass sources are biomass sorghum, as this can be added to 
existing rotations and the potential is very large. The biomass sorghum crop suitability in 
Brandenburg was studied, taking the temperature sum for new varieties of sorghum. This region has 
a proven suitability for certain genotypes of sorghum that grow well in the central European climate. 
There even is Biomass sorghum production in Brandenburg already. It is growing there already and 
delivering good yields. It reaches 12-14 ton dm in region of Brandenburg and Mecklenburg-
Vorpommern according to references found (Märtin & Barthelmes, 2012; Jäkel & Theiß, 2017) in 
which results were published of long term field trials spread over Germany with sorghum production 
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produced as main crop or as intercrop in combination with winter cereal production (e.g. with wheat, 
barley, rye). The thermal sum for sorghum is known. The MAGIC suitability map for sorghum were 
also updated according to the sorghum production results in several field trials in Germany. Also 
contacts were established with seed company (KWS) and EURALIS2  that provided further details of 
sorghum crop performance and management requirements specifically for the region of 
Brandenburg and Mecklenburg-Vorpommern.  

For the double cropping of sorghum, we only allocate to the wheat and barley parcels. However, it 
could also be combined with other crops (e.g. Legume) that are harvested in spring. Wheat and 
Barley are the crops used in this study to identify the places and the total maximum area that is 
suitable for the production of sorghum in a double cropping system. One comment about barley: 
barley can be grown for seed (harvest in June) or used for green feeding (cut at the beginning of 
May). These two different destinations for barley are classified with different codes in the E-R LPIS 
data sheet. Sorghum planted in May will produce a little bit more and won’t need any irrigation. It is 
possible to allocate sorghum after other winter cereals such as oats, rye, Italian annual ryegrass (cut 
mid-May, mid-April and mid-May, respectively) whether used for green feeding. Sorghum can be 
grown successfully without irrigation after these crops.  

Data on biomass sorghum expected productivity and cultivation costs after every possible winter 
cereal can be found in Table 3. 

Table 3.  Expected sorghum productivity and cultivation costs after every possible winter cereal 
in Emilia Romagna.  

   
Sorghum double cropping 

Main food winter 
cereal 

purpose harvest time Irrigation cultivation 
costs 
(euro) 

expected 
yield 
(ton/ha) 

Barley grain mid-June yes 1,388 16.1 

Barley fodder end of April no 1,111 21.5 

Wheat fodder Beginning of May no 1,111 21.5 

Wheat grain mid/end of June yes 1,388 16.1 

Oats fodder mid May yes 1,388 21.5 

Rye fodder mid-April no 1,111 21.5 

Italian ryegrass fodder mid May yes 1,388 21.5 

Triticale fodder end of May yes 1,388 21.5 
 

A fertilization strategy for Biomass sorghum is:  

 N: 120 kg/ha of N (Urea) split in two application: i) pre-planting (about 40 kg/ha N); ii) during 

the mechanical weed management operation (about 3 weeks after planting, 80 kg/ha of N as 

Urea) 

 
2 https://www.euralis.de/wp-content/uploads/2019/02/sorghum-anbauberater-web.pdf 
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 P2O5: 60 kg/ha pre-planting 

 K2O: 80 kg/ha pre-planting (in E-R potassium is not applied) 

A yield level graph for sorghum (from seed company) showing relation between N supply and crop 
development level is shown in Figure 10. 

 

Figure 10.  Macronutrients sorghum uptake from sowing. 

Regarding irrigation: Sorghum is a rainfed crop (if planted in May). But if planted in June or July it 
does need irrigation in the Emilia Romagna region. However, this is not assumed when combined 
with winter cereal which can be harvested in May.  

4.2.4 Poplar 
In Northern Italy poplar is most popular among farmers. So the question was whether we could work 
with poplar in Emilia Romagna instead of Eucalyptus. It was discussed which type of production 
system to involve for poplar in Emilia Romagna. It was concluded that for bioenergy the system SRC 
(2/3 years harvesting) is the most common. It was decided to only use that system in our assessment. 
The SRC poplar plantation in ER of Luigi Pari can provide useful data (14 years of plantation). 

4.2.5 Primary agricultural residues: straw 
There is much straw available in the Emilia Romagna region. For the case in Brandenburg & 
Mecklenburg-Vorpommern the straw data and other agricultural land use data were discussed to be 
used for the case study assessment (Brosowski et al., 2020 and S2Biom sustainable yield levels (Dees 
et al., 2017). Data on land use from LPIS were accessible for both the Emilia Romagna and the 
Brandenburg & Mecklenburg-Vorpommern case study regions. This enabled us to map straw 
potentials at agricultural parcel level.  In both regions we first mapped the maximum sustainable 
removal rates of straw.  The sustainable removal rates for wheat and barley in EU range between 
15% to 60% according to Scarlat et al. (2010 & 2019). We used the sustainable removal levels from 
S2BIOM, taking account of specific soil and climate conditions in the two case study regions assuming 
no loss of soil carbon. After applying the sustainable removal rates we also applied,  for the inclusion 
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of the straw in our specific chain assessments, different straw mobilization levels, assuming that only 
part of the mobilizable straw could be accessed for biodiesel production, given other competing uses.  

In Brandenburg and Mecklenburg-Vorpommern. For wheat we assumed a maximum sustainable 
straw removal of 5.8 ton dm/ha and for other cereals this was set at 4.4 ton dm/ha. One important 
company to mention in this regard in the VERBIO company. The locations of new plants established 
in Germany by the VERBIO3 company are known. They are buying straw for several conversion 
installations for straw to biomethane in both co- and mono digestion installations. One installation is 
on the border with Poland in Brandenburg to source from German and Polish straw. Installations of 
Verbio and their current demands can be included in the BeWhere assessments. 

As to straw potentials in Emilia Romagna we allocated straw yields to the fields with wheat, barley, 
using an average straw yield factor (maximum straw potential) and a mobilizable potential. The 
average soft-wheat straw potential yield in Emilia Romagna is 6 ton DM/ha, for durum wheat about 4 
ton DM/ha, and barley for seed about 4 ton/dm/ha. 

4.2.6 Primary forestry residues 
For Emilia Romagna (as well as the rest of EU) first primary forestry residues are known at a 50x50 
km resolution from G4M divided in broadleaves and conifers. 

4.2.7 Imported pellets from Brazil 
In Emilia Romagna the climate for Eucalyptus is likely to be less suitable (too cold). Currently, 
eucalyptus is mostly grown in central and southern Italy, but not Northern. In the current case study 
selection we cannot fit in Eucalyptus. Even in Emilia Romagna there are doubts about whether the 
climate is suitable for it. However, it is still assessed in the form of imported pellets from Brazil in the 
Brandenburg regional case study. 

4.3 Logistics 

As to logistics it is very important to get the data on biomass quality characteristics for conversion 
(size, moisture content). 

We need to add other logistical cost items and consider alternative means of transport (smaller 
lorries, volume * weight/bulk density, transport over water/). We will also add logistics data per 
transport type and also other logistics components, not at country level, but generic logistical data. 
Check old information from S2BIOM and MAGIC case studies. 

All models will consider return transport cost (empty back hauling). So this implies that distance used 
will need to be multiplied by 2. In BioLoco and LocaGIStics different transport means (and cost) are 
assumed for short and long term distance. This does not apply for GLOBIOM/BeWhere, where the 
same transportation means are chosen for all distances. 

Since the moisture content of the harvested straw is already low, no Slow Pyrolysis step is needed to 
dry it further. 

 
3 www.verbio.com 
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4.4 Conversion technology 

The conversion technologies chosen for the conversion to advanced fuels are: 

 Fast Pyrolysis (Empyro) followed by Entrained Flow Gasification (EFG); 

 Milena (gasification). 

The suitability of different types of feedstock in conversion chains and the final chain design were 
discussed with WP3. 

4.4.1 Data collection 
WP5 and WP3 will discuss which modelled conversion process indicators can be obtained from the 
modelling by VTT. This exchange would also be useful for WP3 to make a further detailed description 
of the three different cases they are selecting in the process modelling. This will enable further 
harmonization of the chain design. Input of WP5 & WP2 on biomass and logistics can also help to 
determine the benchmarking cases in WP3. The focus of the modelling, so what we want to achieve 
in the project would be useful.  

The challenge is the difference in details between the models used in WP3 and WP2 and WP5. 
Furthermore, the benchmarking in WP3 will not be finished before the end of the project and WP5 
and WP2 need data sooner. There seems to be a mismatch between what data WP3 generates and 
what WP5 needs. Especially on the techno-economic part there is a mismatch. So part of the data 
will need to come from scientific publications.  

So far, WP3 has harmonized data from the process modelling in Aspen on CO2 efficiency (but not 
other greenhouse gasses), energy efficiency and leakage of methane. Costs are not included in the 
Aspen modelling. Ranges of the input data were defined together with TNO so that a sensitivity 
analysis can be can be performed for the calculations. However, this only applies to the original 
selection of biomass-conversion pathways that was made in BECOOL. For the longer list of biomass 
types selected in WP2 and WP5 it would also be useful to derive conversion process factors from the 
wide range of available publications. 

4.4.2 Suitability of feedstocks for Fast Pyrolysis (FP) and Slow Pyrolysis (SP) 
All woody and lignocellulosic biomass is for sure suitable for fast and slow pyrolysis. However, ash 
content in the biomass (particularly the alkali metal) influences the yield. There is a negative 
correlation between ash (alkali) contents and pyrolysis oil yield. The ash content level specific for the 
biomass can be converted to a reduction factor for pyrolysis oil yield. 

In the BECOOL project the conversion of biomass with FP to biooil is only tested for: sorghum, Giant 
reed, bagasse (pellets), eucalyptus and lignin residue. For slow pyrolysis a test will also be done for 
Sunn Hemp and poplar. For the rest of the biomass types in the conversion by FP and SP data will be 
collected from literature. 

Mix of biomass in time for FP possible? It is possible, but in principle BTG did not prefer it so far. 
However, from a modelling perspective it would be interesting to see the advantages and 
disadvantages of mixing feedstocks in time. From BTG point of view it should be feasible, and can be 
included in the value chain modelling, to have for example 2 or even 3 feedstocks which can be used 
in the same pyrolysis installation switching on let’s say a seasonal basis. So it was agreed to source 
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each FP conversion plants (in the pyrolysis to EFG chain) with only one type of biomass all year, or 
possibly with a mix of different biomass types but then with each of them limited to a certain time 
period (so not mixed with each other). Therefore, some optimization calculations will be performed 
with more than one feedstock for the FP installation where a certain period uses one type of 
feedstock and the rest of the year the other feedstock, to see if that can improve the results of the 
value chain. Switching costs between feedstocks will not be taken into account in the assessments. 

Mix of biomass in time for SP possible? All can be mixed for sure in time, but also again only one 
feedstock at a time. 

The option of mixing the biochar from the slow pyrolysis with the biomass going into the gasifier is 
skipped. The char from the FP was already used for internal energy production anyhow, so that was 
not available for mixing with pyrolysis oil in the chain design. So biochar produced in SP will all be 
used for soil improvement. 

4.4.3 Suitability of feedstocks for Milena and EFG gasification 
In EFG the pyrolysis oil is fed. So all biomass that can go to FP can also go to EFG. For Milena 
gasification all biomass in Table 5 is suitable. Provided it is fed in the correct particle size. What will 
always work is feeding the biomass in pellets form with a fixed size. As to suitability of biomass for 
the Milena and EFG gasification all biomass is also suited. However, the conversion efficiency is only 
tested in sorghum, giant reed, sugarcane bagasse and eucalyptus (Boymans & Vreugdenhil, 2021). 

Sunn Hemp is suitable for all conversion processes. However, it will only be tested in BECOOL in the 
Slow Pyrolysis process at RECORD. Data will need to be derived on the conversion from them and 
from literature. 

Only bagasse pellets were tested by TNO in the Milena process. The sugarcane straw pellets should 
also work well in the process, although not tested, but the composition will be very similar to the 
bagasse pellets. So data on the conversion efficiency should be available based on BECOOL 
experiments.  

Specific quality requirements (moisture content, particle size, etc.) of the conversion technologies 
were supplied. In Milena pellets are preferred, but otherwise it needs to be grinded biomass. 
However, pelletizing will probably not be profitable in the regional cases, only when you have to 
transport the biomass over longer distances (e.g. from Brazil or between countries in the North and 
South of Europe). The requirements for biomass size and moisture for Milena are given in Table 4. 
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Table 4.  Feedstock specifications Milena. 

 Minimum Maximum Background 
Plastic content [wt%] 0 100 No technical limit, economics will 

decide the best choice 
Moisture [wt% wet]  30-35 Efficiency to gas, water dew point 
Ash [wt% dry]  20 Design of ash removal and handling 

system 
Chlorine [wt% dry]  1 High temperature corrosion MILENA / 

cooler 
Nitrogen [wt% dry]  1.5 Acid scrubber / NOx-emission 
Alkali’s (Na and K) [wt% 
dry] 

 0.4 MILENA ash melting temperature 

Volatiles [wt% dry] 55  Efficiency to gas, to create fast 
fluidization, excludes coal 

Sum of 3 dimensions 
[mm] 

 100 MILENA feeding system 

Fines <2mm [wt%]  5 Syngas cyclone and OLGA performance 

Bulk density [kg/m
3
] 150 320 MILENA feeding system 

Free flow density [kg/m
3
] 50 320 For belts and conveyers 

Feedstock outside the specifications in Table 4 can also be handled in many cases, but requires 
design change. For example, higher ash will require larger ash removal system, higher chlorine 
requires different metals (or more frequent maintenance), etc. 

Feeding the Milena plant with pellets is the most preferred option. In the lab-scale MILENA gasifier 
(small scale), non-woody biomass such as the sorghum are fed as pellets, because of their tendency 
of bridging in the feedstock bunker and their low vol energy density. If you pelletize the biomass 
before, then there are more mixes of biomass possible in the Milena gasifier. 

Lignin was not yet tested in the Milena gasifier. Therefore, was decided to leave lignin residues out of 
the value chains. 

4.4.4 Drying biomass before Fast Pyrolysis needed? 
In FP there is excess energy that can be used for drying. Now the excess energy is sold to external 
users. But it can also be used to dry the biomass going into the FP installation or before storage as it 
needs below 30% moisture to do that. This raises the question however, if drying with SP is always 
needed if it can also be done with FP. Also we need to decide on the size of the SP installation. 
Should it be able to dry all the biomass that is supplied to it in the same period (which would require 
a high capacity), or can a smaller capacity be enough where you would dry year-round but there 
would also be a risk of decay of the biomass that is not dried yet. 
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Table 5.  Overview BECOOL conversion processes and suitable & tested biomass. 

 Gasification MILENA & FT Gasification EFG (after FP) 
& FT 

Fast pyrolysis  
(decentralized) 

Slow Pyrolysis  
(meant to only dry ) 

Type of biomass Suitable Tested Suitable Tested Suitable Tested Suitable Tested 

Poplar SRC S  S  S  S XX 

Willow SRC S  S  S  S  

Straw (wheat) S  S  S  S  

Straw (barley) S  S  S  S  

Sunn Hemp S  S  S  S XX 

Sorghum S XX S XX S XX S XX 

Giant Reed S XX S XX S XX S XX 

Forest residues (hard wood) S  S  S  S  

Forest residues (soft wood) S  S  S  S  

Miscanthus S  S  S  S  

Switchgrass S  S  S  S  

Sugarcane straw S  S  S  S  

Sugarcane bagasse S XX S XX S XX S  

Eucalyptus S XX S XX S XX S XX 

Lignin residues     S XX S  
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5. Defining the National case studies (BeWhere) related to the 
European case studies (Globiom) 
 

This chapter describes the assumptions that were made to perform the National and European case 
studies assessments. Only the assumptions that differ from the regional cases are mentioned. 

5.1 Case study countries 

The selection of crops to be included in the national and EU wide model assessments will also need 
to be based on crop (climatic) suitability according to the ones derived from MAGIC. . For sorghum it 
was suggested to update the suitability map by adapting the Growing Degree days from 1400 to 900 
GDD. Also some more crop update needs will be checked with MAGIC partners. The shapes of the 
maps will also be shared to include in GLOBIOM for selection of crops. Updated suitability maps 
derived from MAGIC project were shared by WR in December 2021 and integrated into the GLOBIOM 
modelling framework., 

The division of the EU in North, Central and South made for the GLOBIOM assessment was discussed. 
It turned out that Brandenburg was situated in North and that for the North no suitability for 
sorghum was assumed. This would not be consistent with the Brandenburg chain selection which 
should cover sorghum. Therefore, GLOBIOM will work on country level (50x50 km supply and NUTS2 
demand resolution) and whole EU, and skip the North, Middle and South division of Europe, but 
instead use the updated crops suitability maps. 

For BeWhere it was decided to look at Germany and Italy. 

5.2 Which abandoned land should be used?  

It was the question if “Abandoned land” for energy crops should be restricted only to the one 
mapped as abandoned in the past from “conventional agriculture”, or could it include also “natural 
vegetation land”? (“Natural vegetation land” includes land with different histories, not tracked in the 
past, potentially abandoned before year 2000, and it could include land with important carbon stocks 
and biodiversity richness).  

We all agreed that we will use for the energy crops considered in this assessment only what is 
abandoned land tracked as “abandoned agriculture land” since the year 2000, according to past land 
use history and future development according to GLOBIOM scenario projections. This will avoid 
potential leakages effects of expanding energy crops to land which reached potentially high nature 
values (such as natural vegetation).  

In future, there will be (according to FAO reports) a large amount of abandoned land from agriculture 
which would be available for energy crops cultivation (without a direct competition with feed and 
food crops). 

GLOBIOM simulates two scenarios (REF= baseline and DIET= enhanced diet) with different levels of 
abandoned lands according e.g. to dietary shifts and the associated reduction of agricultural land 
cultivated for food and feed productions, given the decreasing agricultural lands demands. It was 
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suggested to potentially overlap this land with possible restrictions on its use in the future like 
Natura 2000 mapping with some buffering of the areas. Therefore, in the two scenarios of 
abandonment in GLOBIOM, we have constrained the potential recultivation of abandoned cropland 
by using the percentage of High Value Natural Farmland derived from Paracchini et al. (2008) at the 
NUTS2.  

GLOBIOM will provide to WR the amount of abandoned land per scenario until 2030 at 
national/NUTS2 scale from for establishing a NUTS2 consistence with the logistic models. The WR 
logistic models will downscale the abandoned land from NUTS2 to simulation units through a 
“likelihood of abandonment mapping approach” as being developed at WR. The WR logistic models 
will consider the evolution of land until the year 2030. WR will look also in past abandonment trends 
through data from Emilia Romagna (LPIS system) but not available for Brandenburg region. 

GLOBIOM and BeWhere will produce land abandonment scenarios also for 2050 and have the 
national land abandonment consistence also until 2050. 

5.3 Feedstock 

The suitability for all the relevant crops is available in maps of Wageningen Research. The chosen 
feedstocks for the GLOBIOM assessments are given in Table 5. 

Giant Reed is accepted for suitable EU regions in the BeWhere and GLOBIOM assessments and its 
potential area will follow the suitability maps. 

 

Figure 11.  Climatic suitability map of Giant Reed. 

We will Miscanthus as a good candidate for complementing giant reed in Central and North EU. 
Miscanthus was initially included in the proposal and it can be seen as a crop to include in the large-
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scale assessment in GLOBIOM/BeWhere. It was not included in other experimental WPs for budget 
limitations, but it remains interesting complement on the EU scale to the energy crops in BECOOL. 
Therefore, it will be considered in GLOBIOM and BeWhere potentials according to the specific 
suitability map. 

 

Figure 12.  Climatic suitability map of Miscanthus. 

Eucalyptus will be incorporated in the GLOBIOM EU wide assessment. What would be the expansion 
area differences for Eucalyptus as MRC compared to SRC? It was clarified that the main difference 
according to previous discussions with Simone will be the accessibility of machinery used currently 
for harvesting SRC (e.g. forage harvesters). Therefore, MRC will be located in abandoned land having 
more steep topography (based on slope maps integrated in the GLOBIOM simulation units), 
compared to SRC. Whole tree from MRC will be directed to energy uses as for SRC. 
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Figure 13.  Climatic suitability map of Eucalyptus. 

Biomass sorghum is accepted for suitable EU regions in the BeWhere and GLOBIOM assessments. It 
is the question what can be assumed for biomass Sorghum cultivation area in Central EU where 
double cropping is not an option within agricultural land (given the shorter growing seasons than in 
South EU)? It was recommended that we assume expansion of Biomass sorghum in Central EU to 
“abandoned” agricultural land only. Furthermore, it was suggested to set up a storyline for the 
scenarios where we track from GLOBIOM potential abandonment of “fodder maize” in future in the 
region (Brandenburg). That is something that is already built into the scenarios that GLOBIOM will 
analyse (dietary shift and reduction of land pressures in the different regions).  

In South EU, Biomass Sorghum will be in double cropping systems together with winter cereals 
(wheat, barley). It does not fit after corn, given the growing seasons overlapping.  

The assumptions under the land abandonment scenarios for central EU at the level of crops will be 
checked, if available explicitly in GLOBIOM (Maize) and provided to WR. 
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Figure 14.  Climatic suitability map of Biomass sorghum. 

The incorporation of Sunn Hemp in the GLOBIOM EU wide assessment was discussed. A paper on a 
model for estimating Sunn Hemp yield levels is available (Parenti et al., 2021). The paper explains 
how to determine with the model the specific yield level given soil and climate parameters per 
location. The model was validated already for Emilia Romagna, Extremadura, Greece, Toulouse, 
Romania. It also provides suitability. RE-CORD is testing the suitability of Sunn Hemp (in terms of 
composition) for both thermo and biochemical conversions. Sunn Hemp is also interesting in 
Brazilian situation. If Sunn Hemp is to be included we also need to decide in which countries to 
include it in the vale chains. Likely all Mediterranean countries because it can be grown only in 
Mediterranean climates as it is a tropical specie that can be grown in temperate climates as a 
summer crop. 

What can be assumed as areas for Sunn Hemp cultivation in South EU? It was recommended to have 
the same double cropping systems as biomass Sorghum (after winter cereals) on agricultural land. In 
addition, it would be relevant to appropriately take into account the potential lower emissions from 
fertilization requirements, since Sunn Hemp is a N-fixing crop. Fertilization and emissions from 
double cropping systems for biomass Sorghum and Sunn Hemp will be assessed in GLOBIOM and 
transferred to the rest of the modelling chain.  
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Figure 15.  Climatic suitability map of Sunn hemp. 

The point was raised of how to select a specific crop when the suitable land is overlapping (e.g. 
between biomass sorghum and Sunn Hemp in the same double cropping systems or between giant 
reed and poplar on the same abandoned land?). We clarified that the selection would depend on the 
specific modelling assumptions and prioritization, since we will not set a fixed mix of crops. As an 
example, GLOBIOM will first simulate all potential crops yields, costs and emissions for a simulation 
unit and then select the crop providing the highest profitability and lowest emissions at the NUTS2 
level. Such prioritization will be different in another model working with the same overlapping areas 
and based on different prioritization. So the selection will be the result of looking at the optimization 
of land allocation with the different models (working at different scales and different assumptions). 
This aspect would be difficult to standardize and rather can be seen as value added of multiple 
assessments across scales. 

The assessment will include cereals straw (wheat, barley, oat), integrating NUTS3 potentials from 
S2BIOM (scenarios excluding straw for competing uses), to be adapted to projection of cereals areas 
development from GLOBIOM at 50x50 km.  

Forestry residues will be simulated in the G4M model on a 50x50 km grid and aggregated at NUTS2 
for GLOBIOM, according to future harvest scenarios until 2050. The forest residues will include tops 
and branches from final fellings and small trees from thinning. The biomass will be divided between 
hardwood and softwood. Residues will be considered to be available in the whole of EU. However, 
restriction (steep terrains, poor soils) will be applied for minimizing ecological impacts by exclusion of 
sites (grid cells). Stumps extraction is excluded from the potentials, given their possible soil fertility 
implications.  
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Bagasse pellets. How do we harmonize the import of pellets from Brazil across the different scale of 
assessment? It was recommend that we first perform the assessment in the regional case studies 
with an approach where we are disconnected from the EU level of import (EU imported amount). 
Afterwards, in the EU assessment and the integrated assessment with Brazil (BIOVALUE), we will use 
the import demands from GLOBIOM associated to specific price levels for consistence across models. 

Assumptions in modeling of crop yield potentials in GLOBIOM 

Yields for energy crops were derived generally from the S2BIOM database at the NUTS3.  

For Biomass sorghum on agricultural land, given the underestimated yields in the S2BIOM database 
(50% lower) compared to Emilia Romagna (case study), a calibration multiplier was developed to be 
applied to the original S2BIOM dataset “High” yields level.   

An adaptation of energy crops yields to the “abandoned land” conditions for energy crops was 
obtained by considering only the “Medium” yields from S2BIOM database (excluding the “High” yield 
data for this type of land) and by use of a slope coefficient developed by WR for reduction of yield in 
function of slope. 

The amount of irrigation input and its costing is very uncertain and highly impacting (in particular for 
sorghum can represent up to 10% of cultivation costs). 

We will have the following default assumptions for irrigation volumes: 

 Water to be considered only for crop “establishment” in the case of perennials crops in 

abandoned land (1st year of plantation life). Requirements are derived from the WP1 

compilation (200 mm at establishment).  

 For Biomass sorghum and Sunn hemp double cropping: irrigation is needed when the 

precipitations are not sufficient between June and September (less than 200 mm), the deficit 
is calculated according to a EU precipitation map. Irrigation is excluded in the case of using 

these crops as “single crops”, given the possibility to adapt the planting season.  
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Table 5.  Chosen crops in the GLOBIOM EU-scale assessment case studies. 

Crop Land availability EU Region* 
according to 
BECOOL CSA 

BECOOL chains (to 
roadside) 

Form at 
roadside 

Harvest 
frequency 

Logistic 
chain 

Conversion 
gasification 
pathway 

biochemical 
pathway 
(logistic) 

Giant reed Abandoned agri. Land 
(not in competition 
with food crops) 

Suitability 
map 

GR1 (cutting & 
chipping), GR2 
(mowing, shredding, 
windrow & baling), 
GR3 (mowing, drying, 
pick up & chipping) 

GR1 
(chips), 
GR2 
(bales), 
GR3 
(chips) 

every year Lo 1, Lo 4 
(chips), 
Lo 8 
(bales) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Miscanthus Abandoned agri. Land 
(not in competition 
with food crops) 

Suitability 
map 

GR1 (cutting & 
chipping), GR2 
(mowing, shredding, 
windrow & baling), 
GR3 (mowing, drying, 
pick up & chipping) 

GR1 
(chips), 
GR2 
(bales), 
GR3 
(chips) 

every year Lo 1, Lo 4 
(chips), 
Lo 8 
(bales) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 2 

Eucalyptus 
(SRC) 

Abandoned agri. Land 
with moderate slopes 
(not in competition 
with food crops) 

Suitability 
map 

EU1 (felling & 
chipping), EU2 
(harvesting & 
windrowing, pick up 
and chipping) 

EU1 
(chips), 
EU2 
(chips) 

every 2nd 
year 

Lo 1, Lo 4 
(chips) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Eucalyptus 
(MRC) 

Abandoned agri. Land 
on steep terrain (not in 
competition with food 
crops) 

Suitability 
map 

EU5 (feller buncher, 
chipping) 

chips every 4th 
year 

Lo 1, Lo 4 
(chips) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 
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Poplar (SRC) Abandoned agri. Land 
with moderate slopes 
(not in competition 
with food crops) 

Suitability 
map 

EU1 (felling & 
chipping), EU2 
(harvesting & 
windrowing, pick up 
and chipping)  

chips every 2nd 
year 

Lo 1, Lo 4 
(chips) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Biomass 
sorghum 

Abandoned agri land. 
and agricultural land 
(double cropping with 
wheat, barley, oat, rye)  

Suitability 
map 

SO3 (mowing, drying 
on field, baling) 

bales every year Lo 1, Lo 8 
(bales) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Sunn hemp Agricultural land 
(double cropping with 
wheat, barley, oat, rye 
as forage cereals or 
traditional wheat), and 
fallow land share 

Suitability 
map  

SO3 (mowing, drying 
on field, baling)  

bales every year Lo 1, Lo 8 
(bales) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Straw Cereals land (major 
cereals: wheat, barley, 
oat, rye) 

Cereals land 
GLOBIOM 

ST2 (as GR2, mowing, 
shredding, 
windrowing & baling) 

bales every year Lo 1, Lo 8 
(bales) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Forest 
residues 

Forest land 
(broadleaves, conifers)  

Forest map 
GLOBIOM-
G4M 

WR5 (as EU5, feller 
buncher, chipping) 

chips final felling 
and 
thinnings  

Lo1, Lo 4 
(chips) 

Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 

Bagasse 
pellets from 
Brazil 

Import Import  not relevant pellets not relevant Lo1 Py 8 (EFG), 
Ga 8 
(Milena) 

Lo 1 
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5.4 Scenarios of feedstock availability/uptake 

1) Land available for biomass sorghum and sunn hemp double-cropping 

In GLOBIOM compatible crops for double cropping are Wheat, Barley, Oats, Rye (that in 2030 in EU28 
are 12-14 Mha). In addition, suitable fallow land (EU28 scale is 4-5 Mha) could also be used, this 
could lead to unrealistic estimates of crop potentials in 2030.  

We will therefore simulate scenarios with different willingness of farmers to convert “suitable cereal 
land” to “double cropping” with the following uptake rate: 

a) 5% potential land uptake 

b) 10% potential land uptake 

c) 20% potential land uptake (upper bound) 

For “fallow land” we will assume availability for “sunn hemp as cover crop”: 

a) 5% potential land uptake 

b) 10% potential land uptake 

c) 20% potential land uptake (upper bound)  

2) Energy crops on “abandoned land” (giant reed, miscanthus, eucalyptus, poplar, biomass 
sorghum) 

We will test different uptake thresholds applied by farmers on the abandoned land (10-14 Mha at 
EU28 scale) in 2030: 

a) 5% potential land recultivation 

b) 10% potential land recultivation 

c) 20% potential land recultivation (upper bound) 

Shall we apply any constraint (like in S2BIOM) on the mix of crops on abandoned land? Testing the 
effect of setting no more than x% of the total abandoned land in a NUTS2 region to a single 
crop/group of crops: 

a) We implement this as a flexible restriction: this will depend on outcome of runs in NUTS2 

and demand satisfaction, if abandoned land exceeds a certain threshold in a NUTS2 and 

demand is filled, we will avoid mono-culture (e.g. no more than 2/3 of abandoned land per 

region to a single crop/crop group). 

3) Straw supply from “cereal land” under sustainable mobilization 

The current straw potential is based on main cereals areas (Wheat, Barley, Oats, Rye, Corn, 
Sunflower, Rice) in GLOBIOM, and “sustainable yield” (not impacting on soil organic carbon) was set 
at 16-60% of their technical potential yield according to S2BIOM differences between “TECH” and 
“BASE” straw potentials at NUTS3 level.  
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On the top of the sustainable yield constrain, the “current competitive use” (e.g. for livestock) was 
also excluded according to NUTS3 explicit shares from S2BIOM.  

According to these two constraints (applied on top of each other), we obtained a straw potential of 
60-70 M t dm/year for the EU28 for a reference land use scenario in 2030. 

We will add to the constraint already applied above a further constraint, representing the farmer 
financial willingness to mobilize the straw. 

The constrains will build up on top of each other as it follows:  

a) Technical potential > 
b) Constrained by soil carbon sustainability > 

c) Constrained other by competitive uses >  

d) Constrained also by the willingness of farmers to sell to the plant:  

- 25% potential available  

- 50% potential available  
- 75% potential available (upper bound) 

GLOBIOM-BeWhere EU biomass potentials scenarios 

The combinations of the scenarios above and two GLOBIOM land use abandonment scenarios 
projections (REF, DIET) for the year 2030, give the following set of GLOBIOM-BeWhere scenarios:  

 REF_LOW: Reference land use year 2030 + 5% cereal land double cropping + 5% fallow land 

cropping + 5% abandoned land cultivation + 25% straw sustainable potential + forest 

residues sustainable potential.  

 REF_MEDIUM: Reference land use year 2030 + 10% cereal land double cropping + 10% fallow 

land cropping + 10% abandoned land cultivation + 50% straw sustainable potential + forest 

residues sustainable potential.  

 REF_HIGH: Reference land use year 2030 + 20% cereal land double cropping + 20% fallow 
land cropping + 20% abandoned land cultivation + 75% straw sustainable potential + forest 

residues sustainable potential.  

 DIET_LOW: Enhanced diet land use year 2030 + 5% cereal land double cropping + 5% fallow 

land cropping + 5% abandoned land cultivation + 25% straw sustainable potential + forest 

residues sustainable potential.  

 DIET_MEDIUM: Enhanced diet land use year 2030 + 10% cereal land double cropping + 10% 

fallow land cropping + 10% abandoned land cultivation + 50% straw sustainable potential + 

forest residues sustainable potential.  

 DIET_HIGH: Enhanced diet land use year 2030 + 20% cereal land double cropping + 20% 
fallow land cropping + 20% abandoned land cultivation + 75% straw sustainable potential + 

forest residues sustainable potential.  
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5.5 Data needed and available 

Data are available in the following excel files:  

 Update_cost_factors_March_2021 - This is an update to EU28 econometrics retrieved from 
S2BIOM, Update fuel prices (2018-2019-2020), labor costs (2018), electricity prices (2018-

2019)), fertilizer price (based on S2BIOM 2015 and price increase for natural gas 2021), 

machine price index (S2BIOM), water price (calibrated to Giannakis et al., 2016).  

 Yield_cost_S2BIOM_GLOBIOM - NUTS3 spatial explicit supply amount and cost at roadside 
for various crops from S2BIOM (marked in yellow potential ones to use and discuss in which 

share in different regions) + NUTS2 forest logging residues from G4M/GLOBIOM (missing in 

the S2BIOM dataset but consider if available from S2BIOM records)). We used “Medium” 

yields for S2BIOM from this file. For Biomass sorghum a calibration to Emilia Romagna 

resulted in a multiplier of 1.5 to be applied to the dataset “High” yields for the specific crop. 
Yields for Sunn hemp were derived from the ones of Biomass sorghum according to yield 

difference observed in WP1 for the two crops cultivated in similar agronomic conditions in 

the same region (Emilia Romagna).  

 Road_transport_cost_emission - (EU28 adaptation of transportation costs currently used in 
BeWhere/GLOBIOM, including currently applied load capacities for trucks, kilometric costs 

and emissions). 

The file ‘GLOBIOM_data_needs_revised’ contains the required data. This overview helps us to also 
ensure that we use similar input data for all 4 models if possible. It is also important that we indicate 
the spatial resolution of the data used.  

5.6 Logistics 

Two different truck and trailer sizes were considered, a standard long distance 6 axles “truck and 
trailer” unit applied to southern and central EU and a 9 axles “extra-large truck and trailer” unit 
applied in Scandinavia (i.e. Finland and Sweden). The trucks and trailers units were assumed to be 
equipped with containers for transportation of woodchips and with flat-bed in case of transporting 
bales. Load capacities were calculated for different feedstock categories according to their dry bulk 
density, being the load seize limited by total truck volume rather than transported weight in the 
considered truck settings. Three different load capacities were calculated: a) woodchips from SRC 
(PO, EU) and forest residues (WR), b) chips from energy crops (GR, MS) c) bales from GR, MS, SG, SH 
and ST. GLOBIOM and BeWhere use the systems above both for long and short distance 
transportation adapted to the different type of biomass being transported. More details are provided 
in Annex C. 

5.7 Conversion technology 

Conversion technologies according to Table 5 will be included in the BeWhere model representation 
for providing biofuels conversion efficiencies and costing to GLOBIOM. 
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6. Regional case study results Emilia Romagna (LocaGIStics2.0 & 
Bioloco) 
 

6.1 Data on biomass types  

6.1.1 Available biomass transferred from LocaGIStics2.0 to source nodes in Bioloco 
LocaGIStics2.0 generated location-specific feedstock supply data, which are needed to describe the 
available quantities at the (limited amount of) source nodes (hexagons) in the supply chain network 
in Bioloco. LocaGIStics2.0 generated quantities of a specific biomass feedstock per cluster (sum of 
parcels) and repeated that for all the different feedstock types in that source. LocaGIStics2.0 also 
generated the transport distance from each source point towards the next point in the value chain. 
For that purpose the exact positions of all the (non-feedstock) points further on in the value chain 
were chosen on the GIS map. Such a next point could be e.g. an Intermediate Collection Point (ICP) or 
the Final Conversion Point (FCP). Two main ways were used to model the feedstock source locations 
on a GIS map in LocaGIStics2.0: i) individual agricultural fields and ii) raster cells of 2.5x2.5 km that 
cluster a number of fields. 

Individual agricultural fields in LocaGIStics 2.0 

An overview of the actual agricultural fields in the area, with per parcel the total yield per year of the 
specific crop that is grown or can be grown (new energy crops) on the field (or the residue that is 
collected from the field, like straw) (Figure 16). 
 

 

Figure 16. Centroids of parcels coloured according to available amount of feedstock for most 
detailed representation of the Emilia Romagna case study. 
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Raster cells of 2.5x2.5 km that cluster a number of fields in LocaGIStics 2.0 

A raster structure with a combination of all the agricultural fields within standard grid cells (e.g. 
2.5x2.5 km is shown in Figure 17), containing the total yield per year of all the agricultural fields of 
that specific crop (or residue) in the specific grid cell. 
 

 

 
Figure 17. Aggregated amounts of biomass sorghum from parcels to raster cells (2,5x2,5 km) 

can also be used as input to LocaGIStics2.0. 
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Hexagons that cluster a large number of fields in LocaGIStics 2.0 

Each raster cell could be a source for Bioloco, with its own specific transport distance. However 
depending on the size of the grid cell, this still gives too many sources and the optimization model 
would not be able to find a solution because of the large size of the network. Therefore a 
combination of available feedstocks in several raster cells of 2.5x2.5 km in hexagons will be used to 
transfer the data from LocaGIStics2.0 to Bioloco (see Figure 18). In total 53 Hexagons were projected 
on the Emilia Romagna Area. A small number of parcels are situated outside these hexagons. These 
are labelled as (blank) in Table 6. 

 

Figure 18. Aggregated amounts of biomass sorghum from raster cells (2,5x2,5 km) to 53 
hexagons can also be used as input to Bioloco. 

6.1.2 Available biomass 
The following crops are available in the Emilia Romagna region: biomass sorghum, straw, giant reed, 
poplar.  

Since there are already wheat crops being grown on a lot of the fields, the by-product straw is the 
most ‘certain’ biomass feedstock type. Only straw from crops for seed production is taken into 
account (Table 6) and not the straw for animal feed. Furthermore we assume a removal rate of 50%. 
Straw for animal feed is excluded.  
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Table 6. Wheat crops that can be used for double cropping with Biomass sorghum and 
partially for supplying straw (only the for seeds type). 

COD_ 
COLT 

Wheat crop 
name 

Expected 
yield 

Sorghum 
double 

cropping 

(ton DM/ 
ha.year) 

Expected 
yield straw 

(ton DM/ 
ha.year) 

Expected 
removal 

straw 
(ton DM/ 

ha.year) 1) 

Type of usage  

1046 BARLEY 16.1 4 2.4 FOR SEEDS 

1053 WHEAT 16.1 5.2 3.12 FOR SEEDS 

1150 BARLEY 21.5 4 0 FOR ANIMAL FEED 

1160 WHEAT 16.1 5.2 3.12 FOR SEEDS 

1180 DURUM WHEAT  16.1 5.2 3.12 FOR SEEDS 

1339 WHEAT 21.5 5.2 0 FOR ANIMAL FEED 

1463 TRITICALE 21.5 7.5 0 FOR ANIMAL FEED 

1475 RYEGRASS 21.5 5 0 FOR ANIMAL FEED 

1542 WHEAT 21.5 5.2 0 FOR ANIMAL FEED 

1573 DURUM WHEAT  21.5 5.2 0 FOR ANIMAL FEED 

1640 BARLEY 16.1 4 2.4 FOR SEEDS 

1644 OAT 21.5 4 0 FOR ANIMAL FEED 

1671 DURUM WHEAT  16.1 5.2 3.12 FOR SEEDS 

1694 RYEGRASS 21.5 5 0 FOR ANIMAL FEED 

1996 TRITICALE 21.5 7.5 0 FOR ANIMAL FEED 

2000 BARLEY 21.5 4 0 FOR ANIMAL FEED 

2023 OAT 21.5 4 0 FOR ANIMAL FEED 

2042 WHEAT 21.5 5.2 0 FOR ANIMAL FEED 

2057 RYE 21.5 3 0 FOR ANIMAL FEED 

1) Removal rate of straw = 60% 

 

Biomass sorghum can be grown in a ‘double cropping’ system in Emilia Romagna so it can be grown 
on the same parcels after the grain is harvested. This double cropping could be on all wheat crop 
areas (so both for seeds and for animal feed).  

Giant reed and poplar can both designated to grow on marginal lands, so they are in competition for 
the same fallow parcels. For marginal lands all parcels are known in the LPIS data that were fallow 
either in 2018, 2019 and/or 2020. The criterion for the choice of the fallow parcels that were used in 
our assessment was that the parcel was unused for three consecutive years. 
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An overview of the yield assumptions is given in Table 7.  

Table 7. Biomass yield assumptions for the crops in Emilia Romagna (ton DM/ha.year) that 
were used to produce the availability maps. 

Crop type Biomass yield  
(ton DM/ ha.year) 

Area type 

Giant Reed 15 Fallow parcels 1) 

Poplar 8 Fallow parcels 1) 

Biomass sorghum 16.1-21.5 All winter cereal parcels 2) 

Straw 2.4-3.12 Only wheat and barley parcels for seed 
production 3) 

 

1) These fallow parcels (with a minimal size of 1 ha) can be used either for Giant Reed or Poplar; so 

the total area size of these two crops cannot exceed the available 1,467 ha of fallow parcels 

2) Double cropping after regular wheat crop 

3) So straw for animal feed not included  

 

Figures 19 to 22 show the total potential production in tons DM/year per hexagon for different 
biomass types. Since the potential production of giant reed per ha is higher than that of poplar, we 
can probably already decide to focus on giant reed as the most suitable crop for marginal land. 

Data on the total available biomass per hexagon is given in Table 8 and on the grand total in Table 9. 
Table 9 gives the maximum yield per crop when the whole area is covered by that crop. In the final 
analysis the percentages of giant reed and poplar should be decided upon (adding up to 100%). 
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Figure 19.  The potential biomass production of Biomass sorghum per hexagon in Emilia 
Romagna (tons DM/year). 

 

Figure 20.  Potential biomass production of Giant Reed per hexagon in Emilia Romagna (tons 
DM/year). 
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Figure 21.  Potential biomass production of poplar per hexagon in Emilia Romagna (tons 
DM/year). 

 

Figure 22.  Potential biomass production of straw per hexagon in Emilia Romagna (tons 
DM/year). 
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Table 8. Biomass (ton DM/year) that can grow in the different hexagons (numbered by ID) for 
the crops GR (giant reed), poplar, biomass sorghum and straw. 

Hex. 
No. 

Sorghum 
100% 

Sorghum 
20% 

Sorghum 
10% 

Sorghum 
5% 

Straw 
100% (at 
60% 
sustaina
ble 
removal 
rate) 

Straw 
75% 

Straw 
50% 

Straw 
25% 

Giant 
Reed 
100% of 
marginal 
land 
used (no 
poplar) 

Poplar 
100% of 
marginal 
land 
used (no 
GR) 

1 31.829 6.366 3.183 1.591 5.288 3.966 2.644 1.322 616 329 

2 4.946 989 495 247 738 554 369 185 81 43 

3 11 2 1 1 2 2 1 1 2 1 

4 59.652 11.930 5.965 2.983 8.898 6.673 4.449 2.224 22 12 

5 115.560 23.112 11.556 5.778 16.315 12.236 8.157 4.079 1.585 845 

6 3.206 641 321 160 495 371 247 124 345 184 

7 503 101 50 25 91 68 45 23 0 0 

8 187.281 37.456 18.728 9.364 28.252 21.189 14.126 7.063 582 310 

9 41.186 8.237 4.119 2.059 6.521 4.891 3.260 1.630 771 411 

10 1.380 276 138 69 206 155 103 52 0 0 

11 21.072 4.214 2.107 1.054 2.831 2.123 1.416 708 166 88 

12 165.676 33.135 16.568 8.284 23.261 17.446 11.631 5.815 1.113 594 

13 60.791 12.158 6.079 3.040 8.310 6.232 4.155 2.077 1.212 646 

14 2.221 444 222 111 276 207 138 69 9 5 

15 51.796 10.359 5.180 2.590 8.675 6.506 4.338 2.169 246 131 

16 136.087 27.217 13.609 6.804 19.160 14.370 9.580 4.790 349 186 

17 30.018 6.004 3.002 1.501 4.039 3.029 2.020 1.010 36 19 

18 1.691 338 169 85 263 197 131 66 0 0 

19 110.629 22.126 11.063 5.531 16.181 12.136 8.091 4.045 175 93 

20 76.672 15.334 7.667 3.834 9.400 7.050 4.700 2.350 225 120 

21 18.597 3.719 1.860 930 3.168 2.376 1.584 792 25 13 

22 762 152 76 38 119 89 59 30 0 0 

23 37.975 7.595 3.798 1.899 5.918 4.439 2.959 1.480 84 45 

24 143.878 28.776 14.388 7.194 25.216 18.912 12.608 6.304 492 262 

25 98.585 19.717 9.858 4.929 16.215 12.161 8.108 4.054 767 409 

26 12.423 2.485 1.242 621 1.876 1.407 938 469 12 7 

27 1.003 201 100 50 140 105 70 35 0 0 

28 221.917 44.383 22.192 11.096 40.564 30.423 20.282 10.141 2.237 1.193 

29 225.066 45.013 22.507 11.253 39.568 29.676 19.784 9.892 1.460 779 

30 52.966 10.593 5.297 2.648 8.882 6.662 4.441 2.221 733 391 

31 15.436 3.087 1.544 772 2.479 1.859 1.240 620 125 67 

32 47.580 9.516 4.758 2.379 8.862 6.647 4.431 2.216 205 109 

33 217.780 43.556 21.778 10.889 39.037 29.278 19.518 9.759 3.202 1.708 

34 235.885 47.177 23.588 11.794 42.478 31.858 21.239 10.619 3.690 1.968 

35 46.972 9.394 4.697 2.349 7.904 5.928 3.952 1.976 1.677 895 

36 211.931 42.386 21.193 10.597 38.150 28.613 19.075 9.538 842 449 

37 225.783 45.157 22.578 11.289 40.031 30.023 20.015 10.008 910 485 

38 147.153 29.431 14.715 7.358 27.502 20.626 13.751 6.875 1.079 575 

39 38.761 7.752 3.876 1.938 6.575 4.932 3.288 1.644 1.947 1.039 

40 7.359 1.472 736 368 1.260 945 630 315 80 43 

41 104.880 20.976 10.488 5.244 17.712 13.284 8.856 4.428 298 159 

42 213.303 42.661 21.330 10.665 37.870 28.402 18.935 9.467 500 267 

43 198.777 39.755 19.878 9.939 37.028 27.771 18.514 9.257 912 486 

44 133.138 26.628 13.314 6.657 24.821 18.616 12.411 6.205 606 323 

45 78.835 15.767 7.883 3.942 14.065 10.549 7.032 3.516 802 428 

46 11.619 2.324 1.162 581 1.973 1.480 986 493 49 26 

47 23.508 4.702 2.351 1.175 4.237 3.178 2.119 1.059 729 389 



BECOOL – Deliverable 2.4 
 

55 
 

48 94.513 18.903 9.451 4.726 17.984 13.488 8.992 4.496 318 170 

49 120.933 24.187 12.093 6.047 22.300 16.725 11.150 5.575 674 359 

50 45.240 9.048 4.524 2.262 7.556 5.667 3.778 1.889 199 106 

51 68.211 13.642 6.821 3.411 12.641 9.481 6.320 3.160 553 295 

52 16.853 3.371 1.685 843 2.993 2.245 1.497 748 211 112 

53 17.729 3.546 1.773 886 3.233 2.424 1.616 808 17 9 

(blank) 21.069 4.214 2.107 1.053 2.780 2.085 1.390 695 62 33 
Grand 
total 4.258.627 851.725 425.863 212.931 722.336 541.752 361.168 180.584 33.031 17.617 

 

Table 9. Sum of the potential biomass for the different crops and possible number of FP (fast 
pyrolysis) installations they could supply (with or without SP in the chain). 

Crops Biomass 
sorghum 

100% 

Biomass 
sorghu

m 

20% 

Biomass 
sorghu

m 

10% 

Biomass 
sorghu

m 

5% 

Straw 
100% 

Straw 
75% 

Straw 
50% 

Straw 
25% 

Giant 
reed 

Poplar 

Grand total  
(ton DM/year) 

 

4,258,627 851.725 425,863 212,931 772,336 541,752 361,168 180,584 33,031 17,617 

Possible number of FP 
installations  
(at 37,120 ton 
DM/year) 

114.7 22.9 11.5 5.7 19,5 14,6 9,7 4,9 0.9 0.5 

Possible number of FP 
installations with SP 
(at 51.360 ton 
DM/year 

83.0 16.6 8.3 4.2 14,1 10,6 7,0 3,5 0.64 0.34 

 

6.2 Data on means of transport  

In principle it is possible to choose a different type of means of transport for each arc in the network. 
In the EFG case study two different types were chosen: 

 for the transport from the biomass source locations to the FP locations (optionally combined 

with the SP) trucks with a flatbed trailer were used to transport the bales; 

 for the transport from the FP locations to CG location tank trucks were used to transport the 

Fast Pyrolysis Oil (FPO). 

Each transport requires the double distance because of the return trip. 

6.3 Data on pre-treatment (Slow Pyrolysis), drying and storage 

Pre-treatment of the biomass is needed to meet the requirements of the final conversion method. 
The quality of the feedstocks can vary due to environmental conditions (e.g. rain, etc.) but this is not 
considered in our model. The pre-treatment densifying (bales) was already performed in 
combination with the harvesting operation depending on the chosen type of biomass feedstock and 
value chain. Storage of the harvested biomass is needed to deal with seasonal biomass supply 
variations. Biomass is only harvested in a limited number of months and it is needed year-round. 
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Storage in the Emilia Romagna cases study will be done in open air at the side of the field or at the 
location of the SP/FP installations.  

The biomass feedstocks that are still too wet (higher than 20 % MC) can either be dried at the Fast 
Pyrolysis installation, using residual heat of the FP process. In that case no extra costs, emissions or 
energy consumption will occur. The other option is to include a Slow Pyrolysis process as a pre-
treatment technology, that uses part of the supplied biomass to produce gas and biochar (Figure 23). 
The gas is then used for forced drying of the biomass feedstocks to reduce the moisture content of 
the biomass feedstocks that are too wet. 

 

Figure 23.  Including Slow Pyrolysis in the value chain.  

Regarding the size of the SP we assume one SP installation per FP installation located at the FP 
location for easy of modelling. It was also suggested that you could perhaps have three SP 
installations distributed around an FP installation to be closer to the biomass. However, that was not 
modelled in the LocaGIStics and Bioloco calculations. 

The basis for the forced drying costs were the extra drying data that were collected in the beginning 
of the project (BECOOL deliverable D2.2): 

 Energy demand is 4.5 GJ/ton dry matter (this order of magnitude is mentioned in several of 

the records); 

 CO2 emissions 178 kg/ton dry matter (we have chosen the one drying with natural gas) 

 The most difficult one is the costs: we assume 15 euro/ton dry matter, which is at the low 

side probably, but still higher than 4 of the 6 records that were found in literature. 

6.4 Data on conversion techniques 

By relating the feedstock characteristics to the conversion requirements the necessary steps needed 
for a feasible chain can be shown. As each feedstock is different, there are many different chains that 
can be considered and calculated.  
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6.4.1 Fast Pyrolysis  
It was assumed that seven FP installations are needed to supply one EFG installation. Annex A, Table 
A2.1 gives the following numbers (also to be found in the figures of Section 3.2 and Section 3.4) for 
drying from 40% moisture content to 20%: 

 Per FP installation combined with SP pre-treatment & drying (so with a loss of biomass for 

this SP process and drying) we need: 6.42 ton DM x 8,000 operating hours = 51,360 ton 

DM/year; Per EFG with 7 FP that arrives at a total of 359,520 ton DM/year 

 Per FP installation without an SP, and with drying at the FP installation using residual heat 
(see Section 3.2) we need: 4.64 ton DM x 8,000 operating hours = 37,120 ton DM/year. Per 

EFG with 7 FP that arrives at a total of 259,840 ton DM/year 

An FP delivers 3.3 ton/h FPBO (Fast Pyrolysis Bio Oil) x 8,000 operating hours = 26,400 ton/year 
FPBO. 

6.4.2 EFG Gasifier  
The EFG installation has 8,000 operating hours per year. 

6.4.3 Milena Gasifier  
For Milena it is only mentioned in Section 3.5 that there could be a number of ‘n’ SP installations in 
the chain. It is not specified how many that should be. Therefore, we need to assume a number for 
the Emilia Romagna cases study. For now we assume that there will be 7 Slow Pyrolysis installations, 
just like it is in the EFG chains.  

6.5 Network specific data of value chains with SP, FP and EFG  

6.5.1 Distance data 
The distances over the road between all hexagons are known. The complete distance dataset was 
constructed with LocGIStics2.0 and was supplied as an excel file. The whole network is too large to 
display here but Table 10 gives an idea on the type of distance data. The distances between the 
central points of the hexagons are real over-the-road distances. The distances to get from the 
hexagon parcels to the central point of the hexagon is ignored in Bioloco, although a correction could 
be made for that as well if needed. However, the double amount of the distance needs to be taken 
into account since the vehicle will have to drive back and forth (one time filled and one time empty. 
The vehicles are assumed to be stationed at the central EFG site, so they leave empty and return 
filled.  

  



BECOOL – Deliverable 2.4 
 

58 
 

Table 10.  The distances (km) between the central points of the FP clusters and the four possible 
locations of the EFG in the case of 20% adoption rate and 22 clusters (only FP, no SP).  

Cluster 
number EFG-1 EFG-2 EFG-3 EFG-4 

1 14 57 107 108 
2 16 76 78 127 
3 22 86 87 137 
4 49 86 136 137 
5 78 65 165 107 
6 43 45 132 89 
7 50 26 140 71 
8 67 6 141 68 
9 124 52 197 29 

10 67 114 64 165 
11 63 111 43 162 
12 46 121 67 172 
13 77 114 95 164 
14 69 133 69 184 
15 80 117 168 168 
16 144 103 218 34 
17 161 120 235 51 
18 189 148 263 78 
19 116 75 190 5 
20 101 60 175 80 
21 86 134 10 185 
22 103 151 27 202 

 

6.5.2 Location of pre-treatments 
Some pre-treatments can be done in any given location but some, such as large scale quick drying 
only on specific locations. A trade-off can be made between collecting the biomass in a single central 
location and then pre-treating it, or pre-treating the biomass on decentral locations before transport. 
The last option will reduce the transportation costs but will increase the pre-treatment costs, 
because more expensive small-scale pre-treatment machinery will be used on decentral locations. 

If there is a Slow Pyrolysis installation combined with forced drying (using the produced gas) in the 
EFG case then it will be allocated on the same location as the Fast Pyrolysis installation , so in the 
centroïde of the cluster. 

6.5.3 Position of SP, FP and EFG CG in LocaGIStics 
In LocaGIStics2.0 the possible positions for SP, FP and CG locations were chosen on the map (Figure 
24).  
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Figure 24.  Clusters and weighted centre of biomass supply towards 22 FP installations (red stars) 
based on 20% availability of Biomass sorghum in Emilia Romagna represented in 
LocaGIStics2.0. Four potential locations of the central gasifier are indicated as green 
circles. 

In the simplified situation that was used in the case study only one Slow Pyrolysis (SP) installation 
was used that was positioned on the same location as the Fast Pyrolysis (FP) installation.  

The four possible locations of the central gasifier are based on the biomass hotspots (high 
availability) and on the demand locations (an airport for example). 

6.5.4 Position of SP, FP and EFG CG in Bioloco 
Bioloco will focus on the optimization of a supply network of pyrolysis oil from seven FPs (chosen 
from a larger amount of possible locations) towards one EFG installations to will be chosen from four 
possible locations. This is depicted in Figure 25. This has been modelled in Bioloco as represented in 
Figure 26. 
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Figure 25.  An example with possible locations for FP installations in two circles of hexagons 
around hexagon 34 where we have allocated a possible EFG installation. 

 

Figure 26.  The same example with 22 possible locations for FP installations around hexagon 34 
with a possible EFG installation represented in Bioloco. 
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Based on the cluster of origin the costs of the FPO can vary. An assessment could be done e.g. with 
low, medium and high pyrolysis costs and use Bioloco to optimize the choice of the clusters. The 
optimization in Bioloco in the EFG chain was only based on a) feedstock costs, b) transport costs, e) 
storage cost and a) drying costs (slow pyrolysis). So conversion costs are not taken into account, first 
of all because these are poorly known, and secondly because they will not vary among the SFP-EFG 
options, so they will not influence the optimum anyhow. The EFG conversion site will have revenues, 
because otherwise there will not be a chain started (only cost means a loss, so not starting a chain 
and having no costs at all would be better). 

6.6 Network specific data value chains with SP and Milena  

The approach in the Milena case was more or less the same. In this Milena case each hexagon has 
four feedstocks: biomass sorghum, straw, giant reed and poplar. Since Giant Reed and poplar are 
both candidates for the same area of marginal land, the available area had to be divided over these 
two crops. The SP installation is located in the centroïde of the hexagon, that is seen as a central 
collection point for the hexagon. The biomass is transported from the fields field to these collection 
points by agricultural vehicles. In the Milena case there are cost differences between the feedstocks, 
so optimization of feedstock choice should make sense then. 

6.6.1 Distance data 
The distances over the road between all hexagons are known. The complete distance dataset was 
constructed with LocGIStics2.0 and was supplied as an excel file. The whole distance table of the 
network is too large to display here but Table 11 gives an idea on the type of distance data.  

Table 11.  The distances (km) between the central points of the hexagons and the possible 
Milena location in Hexagon 34.  

Hexagon 
number 

Milena in 
Hexagon 34 

Hexagon 
number 

Milena in 
Hexagon 34 

Hexagon 
number 

Milena in 
Hexagon 34 

1 205 19 86 37 30 
2 211 20 78 38 31 
3 219 21 79 39 55 
4 190 22 91 40 89 
5 181 23 81 41 79 
6 184 24 60 42 60 
7 192 25 52 43 55 
8 154 26 68 44 60 
9 153 27 79 45 84 

10 160 28 56 46 109 
11 144 29 30 47 95 
12 127 30 30 48 77 
13 127 31 51 49 85 
14 132 32 60 50 107 
15 115 33 34 51 113 
16 102 34 0 52 141 
17 103 35 37 53 141 
18 117 36 55 - - 
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The distances between the central points of the hexagons are real over-the-road distances. The 
distances to get from the parcels in the hexagon to the central point of the hexagon are ignored in 
Bioloco, although a correction could be made for that as well if needed. However, the double 
amount of the distance needs to be taken into account since the vehicle will have to drive back and 
forth (one time filled and one time empty. The vehicles are assumed to be stationed at the central 
Milena site, so they leave empty and return filled. 

6.6.2 Positions of SP installations and Milena CG in LocaGIStics 
In LocaGIStics2.0 the possible positions for SP are located in the centre of the hexagons and the four 
Milena locations were chosen to be in the centre of the hexagons 16, 25, 34 and 49. This was done to 
have a comparable situation with the positions of the EFG locations.  

6.6.3 Position of SP installations and Milena CG in Bioloco 
Bioloco will focus on the optimization of a supply network of four different biomass feedstocks from 
53 hexagons towards one Milena installation in Hexagon 34. This is depicted in Figure 27. 

 

Figure 27.  Possible feedstock locations in 53 hexagons around one possible Milena installation in 
hexagon 34 represented in Bioloco. 

6.7 Results of the assessments of Emilia Romagna value chains with (SP)-FP-EFG  

6.7.1 Emilia Romagna (SP)-FP-EFG 
In Emilia Romagna the logistical chain assessment for the FP-EFG chain concentrated on a chain entirely 
sourced by sorghum produced in an inter-cropping system. The costs and emissions were calculated 
with locaGIStics2.0 for the first part of the chain and with Bioloco for the second part of the chain. At 
the end the full chain cost and emissions and credits were combined in one LocaGIStics2.0 play-sheet.   
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6.7.1.1 Part 1 - Field to FP (and SP)installations 
In locaGIStics2.0 we first assessed at three sorghum biomass mobilisation levels (5%, 10%, 20% for 
Biomass sorghum) the number of FP plants that could be sourced. The sourcing areas per FP plant 
were called clusters and were mapped (see former map in Section 6.5.3). For these clusters we 
calculated the different cost levels as is illustrated in Table 12. 

The number of clusters that could be formed was determined by the biomass demands. In Table 12 
in the upper part, 8 clusters could be formed because the biomass demand is around 53,000 ton dm 
per year in an ICP where SP and FP are combined. In the lower part of the Table the biomass demand 
per ICP is much lower because there is no need for SP, the biomass is already dry enough at road side 
and therefore does not need extra drying with SP and there no extra biomass to also feed the SP 
installation. Therefore, more 3 more clusters can be formed then in the chain set-up with SP.  

Table 12.  LocaGIStics2.0 calculations for the costs in first part of the value chain from the 2,5x2,5 
km cells to the FP locations for the 10% availability scenario, with 8 or 11 clusters.  

 

For every cluster in Table 12 the LocaGIStics2.0 model calculated the different cost and emission levels 
up including the pre-treatment with FP to generate the pyrolysis oil intermediate. Per cluster the cost 
without drying in SP are lower, however, these are higher when calculated per ton of biomass. Also 
the emissions range between the chains with SP and without SP. However, the question is how this 
works out in the total chain up to the EFG gasification plant gate. 

This requires selection of the most optimal clusters for sourcing the EFG chain, which is to be 
determined by the structure of the cost and emissions in every cluster and the distance between the  
FP plants (sourced by 1 cluster) to the possible locations for the EFG plant. For this the Bioloco model 
got all distance information between the possible clusters and 4 possible locations of EFG plants as 
already explained in former Section 6.1.1. In the following the results are explained of the Bioloco 
assessment to select from the cluster and distance data the 7 best clusters, at different sourcing 
levels, that can source one EFG plant in Emilia Romagna.   

10_8
Row 
Labels

Sum of 
amount

Sum of 
Feedstock 
Production 
Costs [€]

Sum of 
Transport 
costs short 
[€]

Sum of 
Storage 
costs [€]

Sum of 
Loading/ 
Unloading 
costs [€]

Pretreatment 
Fast 
Pyrolysis

Drying cost 
with Slow 
Pyrolysis

Total cost at 
ICT

Average 
costs_per_t
on_biomass

Average 
Emissions_
per_ton_bio
mass

1 53,374        3,949,711       79,559       366,949      76,059       8,676,928   1,441,111   14,590,316    273.4 90.3

2 53,303        3,944,431       195,179      366,459      75,957       8,665,328   1,439,184   14,686,538    275.5 93.8

3 53,365        3,949,020       102,822      366,885      76,045       8,675,410   1,440,859   14,611,041    273.8 90.6

4 53,349        3,947,848       109,500      366,776      76,023       8,672,836   1,440,431   14,613,415    273.9 92.6

5 53,322        3,945,838       63,376       366,590      75,984       8,668,419   1,439,698   14,559,904    273.1 90.3

6 53,299        3,944,131       86,882       366,431      75,951       8,664,670   1,439,075   14,577,140    273.5 90.4

7 53,428        3,953,646       68,511       367,315      76,134       8,685,574   1,442,547   14,593,728    273.1 90.3

8 52,945        3,917,951       90,209       363,999      75,447       8,607,157   1,429,523   14,484,286    273.6 90.4

Total 426,386      31,552,576      796,039      2,931,405   607,600      69,316,320 11,512,427 116,716,367  273.7 91.8

10_11
Row 
Labels

Sum of 
amount Sum of Feedstock Production Costs [€]Sum of Transport costs short [€]Sum of Storage costs [€]

Sum of 
Loading/ 
Unloading 
costs [€]

Pretreatment 
Fast 
Pyrolysis

Drying cost 
with Slow 
Pyrolysis

Total cost at 
ICT

Average 
costs_per_t
on_biomass

Average 
Emissions_
per_ton_bio
mass

1 38,824        2,872,939       78,184       266,912      55,323       8,657,642   -             11,931,000    307.3 82.9

2 38,790        2,870,490       73,614       266,684      55,276       8,650,262   -             11,916,327    307.2 84.3

3 38,826        2,873,102       42,666       266,927      55,327       8,658,131   -             11,896,151    306.4 82.3

4 38,859        2,875,553       35,905       267,154      55,374       8,665,518   -             11,899,505    306.2 82.3

5 38,778        2,869,593       70,182       266,601      55,259       8,647,556   -             11,909,190    307.1 82.4

6 38,905        2,878,936       40,460       267,469      55,439       8,675,711   -             11,918,014    306.3 82.3

7 38,919        2,880,014       45,751       267,569      55,460       8,678,962   -             11,927,756    306.5 82.3

8 38,786        2,870,146       65,406       266,652      55,270       8,649,224   -             11,906,698    307.0 82.4

9 38,770        2,868,947       197,841      266,541      55,247       8,645,611   -             12,034,187    310.4 86.4

10 38,858        2,875,518       47,620       267,151      55,373       8,665,412   -             11,911,074    306.5 82.3

11 38,072        2,817,338       82,490       261,746      54,253       8,490,087   -             11,705,914    307.5 82.5

Grand Total 426,386      31,552,576      780,119      2,931,405   607,600      95,084,116 -             130,955,816  307.1 83.5



BECOOL – Deliverable 2.4 
 

64 
 

6.7.1.2 Part 2 - FP installation to EFG installation 
The second part that is calculated with Bioloco involves transporting the FPBO (biooil) from various 
Fast Pyrolysis installations to four possible locations of an EFG conversion site (Table 13). From the 
input data it is already clear that it is not possible to fully supply an EFG in the case of the 5% 
availability scenarios, because in that case there are less than the required 7 FP clusters. So no 
calculations were made with Bioloco for the 5% scenario. First of all the loading and unloading costs 
are the same for all scenarios, because exactly the same amount of pyrolysis oil is loaded and 
unloaded in all cases.  

The transport varies according to the scenario. When more clusters can be projected in the region at 
the higher 20% availability rate, then the total transport distance within the clusters is lower. So the 
transport costs to a certain EFG location are also lower then.  

The transport costs vary between the scenarios with SP and the scenarios without SP. In the first case 
more biomass is needed per FP cluster, so the clusters need to become larger. So then the total 
transport distance within the clusters is higher and the transport costs are higher. 

EFG site number 1 has the best results with the lowest transport costs, which could already be 
expected because it is in the middle of a high density supply area. It is followed by EFG-2, EFG-4 and 
EFG-3.  

Again the loading and unloading GHG effects are the same for all scenarios (Table 14), because 
exactly the same amount of pyrolysis oil is loaded and unloaded in all cases. Furthermore, the same 
differences occur between the scenarios for the GHG emissions. EFG site 1 in scenario 20% - FP-EFG 
is the best solution. 

Table 13.  Bioloco calculations for the costs of the logistics of the second part of the value chain 
from seven chosen FP locations to four possible EFG locations.  

Scenario 
EFG 
site 

Total 
transport cost 

(euro) 

Total 
loading & 
unloading 

costs 
(euro) 

Sum 
distances 

(km) Chosen clusters 
10% - SP-FP-EFG 1 2,505,008 379,008 473 2, 3, 4, 5, 6, 7, 8 
  2 3,039,904 379,008 574 1, 2, 3, 5, 6, 7, 8 
  3 4,051,440 379,008 765 2, 3, 4, 5, 6, 7, 8 
  4 3,850,192 379,008 727 1, 2, 3, 5, 6, 7, 8 
10% - FP-EFG 1 2,007,184 379,008 379 3, 4, 5, 6, 7, 8, 9 
  2 2,229,616 379,008 421 3, 5, 6, 7, 8, 9, 11 
  3 3,278,224 379,008 619 1, 2, 3, 4, 6, 8, 9 
  4 2,971,056 379,008 561 5, 6, 7, 8, 9, 10, 11 
20% - SP-FP-EFG 1 1,541,136 379,008 291 4, 5, 6, 7, 8, 9, 10 
  2 2,181,952 379,008 412 3, 4, 5 ,6, 7, 8, 9 
  3 2,833,360 379,008 535 8, 9, 10, 12, 13, 14, 15 
  4 2,160,768 379,008 408 1, 2, 3, 4, 5, 6, 16 
20% - FP-EFG 1 1,271,040 379,008 240 1, 2, 3, 4, 6, 7, 12 
  2 1,647,056 379,008 311 1, 5, 6, 7, 8, 9, 20 
  3 1,895,968 379,008 358 2, 10, 11, 12, 14, 21, 22 
  4 1,779,456 379,008 336 7, 8, 9, 16, 17, 18, 19 
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Table 14.  Bioloco calculations for the GHG emissions of the logistics of the second part of the 
value chain from seven chosen FP locations to four possible EFG locations.  

Scenario EFG site 

Total GHG for 
transport  

(ton CO2-eq) 

Total loading & 
unloading GHG  

(ton CO2-eq) 
10% - SP-FP-EFG 1 14,693 16.9 
  2 17,830 16.9 
  3 23,763 16.9 
  4 22,582 16.9 
10% - FP-EFG 1 11,773 16.9 
  2 13,077 16.9 
  3 19,228 16.9 
  4 17,426 16.9 
20% - SP-FP-EFG 1 9,039 16.9 
  2 12,798 16.9 
  3 16,618 16.9 
  4 12,674 16.9 
20% - FP-EFG 1 7,455 16.9 
  2 9,660 16.9 
  3 11,120 16.9 
  4 10,437 16.9 

 

6.7.2 Full chain results - Emilia Romagna (SP)-FP-EFG 
The Greenhouse gas impact was calculated with locaGIStics2.0 for the first part of the chain and with 
Bioloco for the second part of the chain, and then the total chain results were combined in a 
LocaGIStics2.0 play-sheet to combine all cost, emissions and final credits. These results are presented 
in the next Tables. In Table 15 an overview is given of a cost up to the EFG plant gate and in Figure 28 
the average cost expressed per liter pyrolysis oil delivered at the EFG plant gate.  
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Table 15. Cost overview of total chains up to EFG plant gate in the four sourcing scenarios. 

Total costs [€] 10% -  
SP-FP-EFG 

10% -  
FP-EFG 

20% -  
SP-FP-EFG 

20% -  
FP-EFG 

Feedstock Production Costs [€] 
     

27,602,865      20,116,290  
     

27,737,321     20,239,620  

Transport costs short field - FP [€]       1,432,961           996,423  
          

726,007         413,999  

Storage costs [€]       2,564,455        1,868,912  
       

2,576,947      1,880,370  

Loading/ Unloading costs [€]       1,063,083           774,749  
       

1,068,262         779,499  

Pre-treatment to pyrolysis oil costs [€] 
     

60,639,392      60,620,713  
     

60,934,771     60,992,369  

Drying (SP) Costs [€] 
     

10,071,316                    -   
     

10,120,374                  -   

Transport costs long & up-/down 
loading FP - EFG       2,884,016        2,386,192  

       
1,920,144      2,026,064  

Total cost 
   

106,258,089      86,763,279  
   

105,083,825     86,331,921  
 

Credit biochar        -125,332           -91,339          -125,942         -91,899  
Credits for heat & electricity from 
FP(&SP) unknown unknown unknown unknown 

 

 

Figure 28.  Average total cost of 1 liter pyrolysis oil delivered to EFG plant gate in 4 sourcing-chain 
scenarios. 

When looking at the cost structure of the total cost in Table 16 it becomes clear that the largest 
contribution to the cost are from the pre-treatment process in which biomass is converted to 
pyrolysis oil and this is followed by the cost of purchasing the biomass. In the two chains where 
drying is involved the cost are increased both by the cost for the SP process and the extra biomass 
purchased to feed the SP process. The extra biomass input into these chains is 27% higher. Overall 
this explains why the total cost of the process with SP are  22% higher.  
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Table 16. GHG emission and credit overview of total chains up to EFG plant gate in the four 
sourcing-chain scenarios. 

KgCO2 eq total 10% - SP-FP-
EFG 

10% - FP-EFG 20% - SP-FP-
EFG 

20% - FP-EFG 

Emissions cultivation & 
harvesting  

       
30,586,959         22,291,024     30,735,950       22,427,687  

Emissions transport, up-
/down loading  

         
1,697,742              507,222          208,843            141,030  

Emissions transport long 
distance oil               14,710               11,790             9,056                7,472  

Emissions drying SP  
         

2,178,388                      -        2,998,629                     -   

Total emissions 
       

34,477,799         22,810,036     33,952,478       22,576,189  

Credits C storage cultivation    -15,666,491    -11,417,354    -15,742,804      -11,487,352  
Emissions- C storage 
cultivation 

       
18,811,308         11,392,682     18,209,675       11,088,837  

         
Credits heat  -26,364,467   -18,566,792   -26,492,890  -18,680,622  

Credits electricity  
          -

801,975            -625,236        -805,882          -629,069  
Credits biochar carbon 
storage soil             -19,770            -19,866    
Total net emissions (ton CO2 
eq)    -8,374,904    -7,799,346  -9,108,963    -8,220,855  

 

 

Figure 29. Average total cost of 1 liter pyrolysis oil delivered to EFG plant gate in 4 sourcing 
scenarios 

Also for the direct emission build up presented in Table 16 and at per litre pyrolysis oil level in Figure 
29 the process without SP perform better. Emissions from cultivations make up the lying share in all 
scenarios, but are of course higher in the chains with SP which demand also 27% more biomass 
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input. The direct emissions are however strongly compensated for by the carbon that is stored in the 
soil during cultivation. If we include this then the emissions diminish by  45% to 51%, depending on 
the sourcing-chain scenario. The negative emissions turn into high mitigation levels if the heat, 
electricity and biochar produced in the FP and SP process are accounted for. It then becomes clear 
that the processes combining SP and FP are able to produce significantly higher levels of especially 
heat and this could lead in absolute terms to higher levels of GHG mitigation then for the process 
involving FP alone. Whether in practice this will also work out this positive way will of course depend 
very strongly of the full use of the heat when it is produced. This implies that the installations with SP 
and FP need to be connected to a heat network and in practice this is not always easy to establish.   

We have discussed the credits in GHG mitigation. As for credits in cost, we can also conclude that 
higher returns from the selling of heat and electricity and some biochar can be derived in chains 
involving both SP and FP. If heat is really monetised because connection to heat networks are 
established the final net returns of the chains with SP may become higher than those with FP only. 
Given this situation, the sourcing of wet biomass which requires drying may no longer be a problem 
as it can be solved through the incorporation of an extra SP pre-treatment step provided all heat 
generated in the chain is optimally used.   

6.8 Results of the assessments of Emilia Romagna value chains with (SP)-Milena  

In Emilia Romagna for the Milena chain we tested different chain set-ups based on a mix of feedstock 
namely straw, Giant reed produced on abandoned/fallow land and sorghum in an intercropping 
system. A mix of biomass feedstock can be brought to the Milena gasifier. Unlike the EFG, Milena 
gasification process can handle mixes of feedstock better. Like with the FP-EFG chain we also tested 
two pre-treatment options, one without drying in SP and one with drying with SP. In the case of SP, 
there is a need for an extra 27% feedstock, for the part of the feedstock that needs drying. This may 
apply to sorghum and giant reed, in the case the biomass is harvested directly without letting it dry in 
the field. In the following we will first present the cost and GHG structure of the different chain set-
ups as assessed by the LocaGIStics2.0 model and by the Bioloco model.  

6.8.1 Direct supply from field to Milena conversion calculated by LocaGIStics2.0 
In the locaGIStics2.0 assessment was done for different mobilization levels for a chain set-up where 
biomass is harvested and transported directly to the Milena gasifier plant. The chain set-up may 
involve biomass sourcing without drying and a chain where SP is involved because the wet biomass 
needs drying before it can be gasified or where it needs to be stored in a dry condition to ensure 
security of supply over a longer period of time. In the case of SP involvement in the chain we assume 
that any drying and storage takes place beside the gasifier in the same location. So transport and up 
and downloading is only necessary once and that is between the field and the location of the gasifier. 
All cost and GHG emissions are then assessed by the LocaGIStics2.0 model up to the Milena plant 
gate and are discussed in this section.  

The first run by LocaGIStics2.0 was done with a supply of straw, sorghum and giant reed with 
mobilization rates set at straw 50%, sorghum 50% and giant reed 100%. The maximum mobilization 
rate for giant reed was chosen to create a larger supply of this relatively cheap biomass which can 
only be grown in small quantities because of the relatively small area of fallow/unused lands 
available in Emilia Romagna. For the assessment one central location for the Milena gasifier was 
chosen which is the point where the largest biomass amount and density occurs within a radius of 
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100 km. This point happens to be set near the city of Bologna. All assessments done take this point as 
the location of the MILENA gasifier.    

Results show that if the LocaGIStics2.0 model is set to prioritise the sourcing according to lowest cost 
first the biomass mix it chooses is 89% straw, 0% sorghum and 11% giant reed. This shifts slightly 
when SP drying is added to the chain. The biomass mix it chooses is 90% straw, 0% sorghum and 11% 
giant reed. The latter occurs for 2 reasons, the cost of the process increases particularly for giant 
reed which needs drying, while straw does not need drying, so the cost difference between straw 
and the other crops decreases. Furthermore, in the chain with SP a higher demand for biomass 
occurs because of the extra biomass needed for the SP process. Because of this the cheaper giant 
reed biomass becomes relatively more scarce at least in the neighbourhood of where the Milena 
gasifier is placed.    

If at the same mobilization rates  (straw (50%), Sorghum (50%) and Giant reed (100%)) locaGIStics2.0 
is forced to prioritise towards the biomass mix with the lowest emissions the final mix chosen 
consists of 100% straw and no dedicated crops. See results for cost in Figure 30 and emissions in 
Figure 31. 

 

Figure 30. LocaGIStics results showing the cost structure for two chains with and without SP at 
biomass mobilization rates for straw, sorghum and giant reed of 50%, 50% and 100%. 
The biomass mix chosen by LocaGIStics2.0 in the chain with No SP results in 100% 
straw, 0% sorghum and 0% Giant reed. In the chain with SP it is also 100% straw, so 
SP is not implemented because straw does not need drying.   
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Figure 31. LocaGIStics results showing the GHG structure for two chains with and without SP at 
biomass mobilization rates for straw, sorghum and giant reed of 50%, 50% and 100%. 
The biomass mix chosen by LocaGIStics2.0 when optimising according to lowest 
emissions in the chain with No SP results in 100% straw, 0% sorghum and 0% Giant 
reed. In the chain with SP it is also 100% straw, so SP is not implemented because 
straw does not need drying.   

In Figure 32 the cost structure of a chain prioritised to the lowest cost taking lower mobilisation rate 
for straw and higher for the dedicated crops.  In this way the LocaGIStics2.0 is forced to choose more 
expensive dedicated crop biomass. In the chain with SP it implies that also more drying is required 
for the crops that are more wet, while for straw drying is never required. From Figure 32 it therefore 
becomes clear that cost for the chain with SP are much higher caused by the fact that drying and the 
extra demand for biomass to source the SP process. 
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Figure 32. LocaGIStics2.0 results showing the cost structure for two chains with and without SP 
at biomass mobilization rates for straw, sorghum and giant reed of 20%, 50% and 
100%. The biomass mix chosen by LocaGIStics2.0 in the chain with No SP results in 
58% straw, 28% sorghum and 13% Giant reed. In the chain with SP it is 53% straw, 
35% sorghum and 12% giant reed. 

In Figure 33 we then see what the effect is of a higher share of dedicated crops on the GHG 
emissions. Direct emissions are of course higher in the chain with SP but the credits that can be 
obtained from char and additional heat, if used, can also become very high and can make the chain 
with SP even GHG neutral.  The latter cannot be achieved without SP involvement.  If these carbon 
credits derived from char and additional heat are also monetized, the cost levels of the SP chain will 
also go down strongly. The latter however requires further discussion also in the next section on the 
LCA results (Section 6.9). Also policy choices need to be made to compensate for carbon capture in 
soil. Also relevant to mention is that currently it is not always easy to ensure full use of rest heat. This 
requires a local source to directly use the heat or a connection to a heat grid.  
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Figure 33. LocaGIStics2.0 results showing the GHG structure for two chains with and without SP 
for drying at biomass mobilization rates for straw, sorghum and giant reed of 50%, 
5% and 50%. The biomass mix chosen by LocaGIStics2.0 in the chain with No SP 
results in 58% straw, 28% sorghum and 13% Giant reed. In the chain with SP it is 53% 
straw, 35% sorghum and 12% giant reed. 

We conclude that in the case of Emilia Romagna the cost of biomass sourcing to the biomass plant 
cannot be brought down by changing the crop mix. What can make a difference however is if SP from 
drying is involved and compensation in cost can be realised by using the credit heat and the biochar 
as soil improver from this process. At the GHG emission side lower chain emissions can be reached in 
2 ways. Firstly, by increasing the amount of straw in the biomass mix. Secondly, by including SP 
process and using all extra heat produced in this process.  The latter chain with SP based on a mix of 
dedicated crops and straw can reach higher GHG mitigation levels then chains based completely on 
residual biomass from straw.  

6.8.2 Indirect supply from field to hexagon centre (ICP) and then to Milena conversion 

calculated by Bioloco 
Three calculations were  performed with Bioloco for the value chain that involves indirect supply of 
biomass from the field (road side) to the centre of the hexagon and then from the hexagon centre to 
the Milena site that is allocated in the centre of hexagon 34 (Table 17). The first two calculations 
include Slow Pyrolysis drying at the centre of the hexagon and in the last calculation no Slow 
Pyrolysis is included for drying. So drying is performed at the Milena site. 

In calculation 166 three possible biomass types are available: biomass sorghum (SO), Giant Reed (GR) 
and straw. Poplar was not included because it competes with the same fields as Giant Reed, while it 
has a much lower yield. In this calculation 166 the optimal solution is that only straw is chosen as 
feedstock because it does not require SP and thus is much cheaper. No Biomass sorghum or Giant 
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Reed is chosen because of their higher costs. The straw is collected from 14 hexagons that are close 
around hexagon 34. Calculation 166 has a slightly higher total cost (until conversion gate) than 
calculation 168. 

Table 17.  Bioloco results for the costs of the indirect supply chain from the chosen hexagon centre 
locations (ICPs) to the pre-chosen location of the Milena conversion site in the centre 
of hexagon 34.  

General         
Calculation number   166 167 168 
Description    With SP drying  With SP drying  No SP drying 
Biomass                   
Biomass types available   SO, GR & straw SO, GR SO, GR & straw 
Amount SO chosen ton DM 0 188,050 0 
Amount GR chosen ton DM 0 28,910 24,741 
Amount Straw chosen ton DM 216,960 0 192,219 
Amount chosen total ton DM 216,960 216,960 216,960 

SO from hexagon numbers   n.a. 
9, 29, 30, 32, 

33, 34, 36, 37 n.a. 

GR from hexagon numbers   n.a. 

11, 12, 13, 14, 
15, 16, 17, 19, 
20, 21, 23, 24, 
25, 26, 28, 29, 
30, 31, 32, 33, 
34, 35, 36, 37, 
38, 39, 40, 41, 
42, 43, 44, 45, 
46, 47, 48, 49, 
50, 51, 52, 53 

23, 24, 25, 26, 
28, 29, 30, 31, 
32, 33, 34, 35, 
36, 37, 38, 39, 
40, 41, 42, 43, 
44, 45, 47, 48, 
49 

Straw from hexagon numbers   

25, 28, 29, 30, 
31, 33, 34, 

35,36, 37, 38, 
39, 42, 43 n.a. 

25, 28, 29, 30, 
31, 33, 34, 35, 
36, 37, 38, 39, 
43 

Costs         
purchase costs euro 17,031,360 19,398,554 16,251,997 
storage costs euro 1,325,444 1,165,246 1,161,574 
transport costs euro 1,755,408 2,622,841 1,735,783 
loading/unloading costs euro 1,236,672 1,324,177 1,169,158 
pretreatment costs euro 0 5,861,199 0 
conversion costs euro 0 0 0 
total costs euro 21,348,884 30,372,017 20,318,512 

 

During the second calculation 167 straw was excluded from the available feedstocks to see which of 
the other two feedstocks would take over the role of straw. The optimal solution shows a mix of 
mainly SO (about 87%) and some GR (13%). Since these two biomass types are more expensive the 
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total feedstock costs of calculation 167 are much higher than those of calculation 166. Furthermore, 
since SO and GR have to be dried by SP the pre-treatment costs (which include drying in Bioloco) are 
also high. These two biomass types are collected from 41 hexagons which is much more than in the 
previous calculation 166, so the biomass is often further away from hexagon 34. This explains the 
higher transport costs in calculation 167. So overall calculation 167 has the highest total costs of the 
three. 

In calculation 168 no Slow Pyrolysis is included. The optimal solution shows a mix of mainly straw 
(about 89%) but also some GR (11%). In some cases GR appears to be competitive with straw since 
no SP costs are involved now. These two biomass types are collected from 28 hexagons which is less 
than in the previous calculation 167, but still much more than in calculation 166. However, the 
transport costs are still lower than in calculation 166, because no transport is needed for the extra 
biomass (27%) that is needed for the Slow Pyrolysis process. In calculation 166 and 167 this extra 
biomass needed to be collected from field to hexagon centre, which involves transport costs (over an 
average of 10 km). 

In calculation 166 only straw was chosen. This results in the lowest total emissions of the three, 
because straw has the lowest emissions at roadside. Furthermore no emissions for SP occur (Table 
18). Calculation 168 has a bit higher emissions for the part of the feedstock Giant Reed, but also no 
emissions for SP. The highest emissions occur for calculation 167 with high emissions for growing and 
harvesting the biomass and also high pre-treatment (drying) emissions. 

Table 18.  Bioloco results for the greenhouse gas emissions of the indirect supply chain from the 
chosen hexagon centre locations (ICPs) to the pre-chosen location of the Milena 
conversion site in the centre of hexagon 34.  

General         
Calculation number   166 167 168 
Description    With SP drying  With SP drying  No SP drying 
Emissions (ton CO2-eq)         
purchase emissions ton CO2-eq 3,255 22,221 3,935 
storage emissions ton CO2-eq 0 0 0 
transport emissions ton CO2-eq 1,788 3,453 2,413 
loading/unloading emissions ton CO2-eq 54 58 51 
pretreatment emissions ton CO2-eq 0 1,917 0 
conversion emissions ton CO2-eq 0 0 0 
total emissons ton CO2-eq 5,097 27,649 6,399 
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6.9 Results of the LCA assessment Emilia Romagna (emissions) 

6.9.1 Costs - Emilia Romagna (SP)-FP-EFG 
Hereafter, the results of the life cycle cost analysis of the EFG (gasification) und fast pyrolysis value 
chains are presented (Table 19). The results show the effect of the process steps of biomass supply, 
transport and the conversion steps slow pyrolysis and gasification related to the final FT-Diesel costs. 
3,037 EUR/t up to 4751 EUR/t were determined for the raw materials. The production costs for 
sorghum with 3,037 – 3,204 EUR /t and giant reed (3,100 – 3,138 EUR/t) are the lowest. Comparable 
with this are the costs for straw (3,327 EUR/t) and poplar with 3,446 – 3,613 EUR/t and above this 
forest residues with 4,533 – 4,751 EUR/t. 

The contribution of biomass production (cultivation and harvesting) process to the costs is higher 
than in the Milena gasification. However, the share is distorted, due to the high share of surplus 
energy, which significantly reduces the cost of gasification. It’s relatively low for giant reed with 8 – 
13 % for cultivation and 2 – 5 % for harvesting. It is higher for sorghum (cultivation 16 – 22 %, 
harvesting 3 – 4 % %), straw (cultivation 25 %, harvesting 11 %) and especially for poplar (cultivation 
28 – 38 %, harvesting 1 %) and forest residues (harvesting 35 - 52 %). Overall, the proportions are 
quite comparable to those from the Milena case. Logistical costs amount to a proportion of about 4 – 
12 % for all value chains. The production costs depend on the fast pyrolysis (4 to 9 %) but again 
mainly on the gasification (36 to 60 %). For the slow pyrolysis chains the costs have an influence with 
12 to 14 %. 

Table 19.  Costs of the different steps during FT-production via EFG route, based on indicated 
product streams.  

 Cultivation Harvesting Logistics Cost SP Cost FP Gasification 
+ FT 

Base raw 
material 

raw 
material 

raw 
material 

dried FP 
raw 
material 

FP-
product 

FT-Product 

SO3-FP-GA 51 9 28  212 3,037 

GR1-FP-GA 18 10 16  195 3,138 

EU2-FP-GA 90 2 13  279 3,466 

S1-FP-GA 69 31 19  246 3,327 

FR1-FP-GA 0 165 19  448 4,533 

SO3-SP-FP-GA 51 9 28 25 238 3,204 

GR1-SP-FP-GA 18 10 16 30 189 3,100 

EU2-SP-FP-GA 90 2 13 29 302 3,613 

FR1-SP-FP-GA 0 165 19 44 483 4,751 
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6.9.2 Greenhouse Gas emissions - Emilia Romagna (SP)-FP-EFG 
The following results are based on the assessment of BECOOL generic value chains reported in 
BECOOL D5.5 – Description of the most promising value chains- with some adaptions and additions 
mainly related to the used biomass and to the consideration of biochar for carbon storage. For the 
supply of FT-fuel via fast pyrolysis and EFG four types of biomass, sorghum, giant reed, poplar and 
straw were taken into account in three supply chains respectively. The supply chains considered are: 
(i) direct supply of biomass from field to conversion site; (ii) integration of slow pyrolysis for biomass 
drying and biochar production, using the biochar for soil improvement; (iii) integration of slow 
pyrolysis for biomass drying and biochar production, using the biochar in EFG. The method used for 
the assessment has been described in detail in D5.5. 

In the following the results from the assessment of the EFG value chains shown in Figure 34 will be 
discussed and interpreted in detail. To avoid repetition the description of the results from the 
MILENA as well as the value chains located in Brandenburg will refer to this description and only 
discussed more detailed with regard to variations and differences in the respective chapters. 

The significant differences in the assessment of emissions from biomass supply were due to the 
feedstock used and the selected system boundaries. There are several advantages using perennial 
crops, firstly there are less emissions due to the lower input of fertiliser for the cultivation of giant 
reed and poplar compared to sorghum. The emissions from fertiliser use, in particular N-fertiliser, are 
caused be energy intensive production and N2O field emission from N-application. The second reason 
for differences between perennial and annual crops is associated with the higher improvement of 
soil organic carbon (SOC). Credits given for the carbon accumulation are significant higher for 
perennial crops than for annual crops. The assessment of value chains based on residues like straw 
(STR) start with collecting the biomass provision, upstream emissions and expenditures from 
cultivation are not included, but compensatory fertilization for straw removal. Emissions associated 
with conversion processes differ between the value chains with included slow pyrolysis for biomass 
drying and the value chains with direct supply of biomass from field to gasification plant. GHG 
emissions due to slow pyrolysis are related to the consumption of natural gas (emission factor for 
natural gas: 60 gCO2-eq./MJ NG) and electricity (emission factor Italian electricity mix: 300gCO2-
eq./kWh el). Since the FP and EFG and FT-synthesis do not need further expenditures, GHG emissions 
form conversion processes are explicit caused by slow pyrolysis process. 

When comparing the value chains without slow pyrolysis (SP) and the value chains with SP (using 
biochar in gasification), the value chains with integrated slow pyrolysis cause in total more GHG 
emissions compared to value chains without slow pyrolysis. The reason are not only the additional 
expenditures for slow pyrolysis i.e., natural gas and electricity, but the provision of surplus heat from 
the fast pyrolysis processes. The gasification of biochar from slow pyrolysis increases FT product 
output, thus relatively less FPBO is needed in EFG per MJ output. Less FPBO means less input and use 
of fast pyrolysis. However, since the fast pyrolysis process provides relatively more excess heat than 
the slow pyrolysis process, the credits for excess heat are higher when solely FBPE oil is gasified. 
Credits given for replacing conventional district heat by using surplus heat from conversion processes 
have a significant impact on the overall GHG emissions. This results primarily from the fossil fuel 
share in the assumed district heating mix and the avoided emissions that result from its substitution.  
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The biggest differences, however, are in the area of credits in the case that the biochar is not used for 
gasification but as a soil conditioner. Following the assumption that about 55% of the carbon contained 
in biochar is in stable form leads to credits for assumed carbon storage of 2kgCO2-eq./kg biochar dry 
matter. The demand of heat from slow pyrolysis for drying the biomass and the associated production 
of biochar is dependent on the moisture content of the biomass to be dried. For this reason, the credits 
for the moist biomasses giant reed and poplar (mc 50%) are much higher than for sorghum with a 
much lower moisture content of 28%. Since straw with a moisture content of 18% does not require 
further drying, no integration of SP was taken into account for the value of chains based on straw. 

 

Figure 34.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
EFG in Emilia Romagna (Values listed in Table 20).  
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Table 20.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
EFG in Emilia Romagna.  

 W/o SP w/ slow pyrolysis (biochar 
for soil improvement) 

w/ slow pyrolysis (biochar in 
gasification) 

 SO3 PO GR1 SO3 PO GR1 SO3 PO GR1 

Cultivation 18 12 9 5 21 20 9 18 12 

Harvesting 11 9 10 9 12 19 10 11 11 

Transport 1 2 4 4 2 1 3 2 1 2 

SP 0 0 0 0 2 9 6 2 6 

Transport 2 1 1 1 1 1 1 0 1 0 

Transport 3 1 1 1 1 1 1 0 1 0 

Distribution 1 1 1 1 1 1 1 1 0 

Credit LUC -9 -15 -17 0 -11 -27 -16 -9 -16 

Credit 
Electricty 

-4 -4 -5 -4 -4 -4 -4 -4 -3 

Credit heat -22 -18 -23 -22 -24 -38 -24 -21 -22 

Credit biochar 0 0 0 0 -23 -116 -133 0 0 

Sum -2 -11 -19 -7 -22 -131 -148 0 -9 

 

6.9.3 Costs - Emilia Romagna (SP)-Milena 
In this chapter the results of the life cycle cost analysis of the MILENA (gasification) value chains are 
presented (Table 21). The results show the effect of the process steps of biomass supply, transport 
and the conversion steps slow pyrolysis and gasification related to the final FT-Diesel costs.  

The calculated production costs for renewable FT-products are compared for the individual 
production processes. 2,271 EUR/t up to 2,377 EUR/t were determined for giant reed. Above this are 
the production costs for sorghum with 2,655 – 2,776 EUR /t and comparable with this straw (2,863 
EUR/t) and poplar with 2,659 – 2,793 EUR/t and above this forest residues with 3,199 – 3,421 EUR/t. 

The contribution of biomass production (cultivation and harvesting) process to the costs is relatively 
low. Especially for giant reed with 5 – 7 % for cultivation and 2 – 3 % for harvesting. It is higher for 
sorghum (cultivation 14 %, harvesting 2 – 3 %), straw (cultivation 18 %, harvesting 8 %) and especially 
for poplar (cultivation 23 %, harvesting 1 %) and forest residues (harvesting 35 %) This is due to 
higher biomass prices for these raw materials. 

The dependence of the production costs on the gasification costs is apparent. In each case, these 
make up more than 57 % of the overall production costs. All other costs amount to just 11 to 34 % of 
the overall production costs. In the case of giant reed, the gasification costs are approx. 83 to 87 % of 
the overall costs, these include the costs for the investment in the plant, operation material and 
other production relevant costs. Logistical costs amount to a proportion of about 3 to 8 % for all 
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value chains. For the slow pyrolysis chains the costs have an influence with 3 to 4 %. The costs are 
reduced in part by profits from surplus heat, but not in a relevant way. 

Table 21.  Costs of the different steps during production, based on indicated product streams.  

 Cultivation Harvesting Logistics Cost SP Gasificatio
n +FT 

Base raw material raw 
material 

raw material dried gasification 
raw material 

FT-
Product 

SO3-GA 51 9 28  2,655 

GR1-GA 18 10 16  2,271 

PO-GA 90 2 13  2,659 

S1-GA 69 31 19  2,863 

FR1-GA 0 165 19  3,199 

SO3-SP-GA 51 9 28 16 2,776 

GR1-SP-GA 18 10 16 15 2,377 

PO-SP-GA 90 2 13 20 2,793 

FR1-SP-GA 0 165 19 33 3,421 

 

6.9.4 Greenhouse Gas emissions - Emilia Romagna (SP)-Milena 
The results of the life cycle assessment of the MILENA (gasification) value chains in Emilia Romagna 
are presented in Figure 35. The results show significant differences in the assessment of emissions 
from biomass supply. There are several differences between the use of cultivated biomass, and here 
between perennial and annual crops, and the use of agricultural residues as described in Section 
6.9.2.  

Emissions associated with conversion processes differ slightly between the value chains with 
included slow pyrolysis for biomass drying (and use of biochar in gasification) and the value chains 
with direct supply of biomass from field to gasification plant. The emissions from MILENA and FT-
synthesis process account for the largest share of the emissions caused. These GHG emissions 
primarily resulted from the use of fossil fuels to cover the process related electricity requirements 
(assumptions for Italian electricity mix: 300gCO2-eq./kWh). An increased share of regenerative 
energy in the process energy mix could reduce overall GHG emissions.  

In contrast to EFG value chains, when comparing the value chains without slow pyrolysis (SP) and 
with SP (using biochar in gasification), it can be seen that the value chains based on dried biomass 
(on field dried biomass SO) benefit less from slow pyrolysis, which dries the fresh biomass (GR and 
PO) to 20% moisture content. Despite the additional expenditures for slow pyrolysis i.e., natural gas 
and electricity, the values chains with integrated slow pyrolysis cause in total less GHG emissions 
compared to value chains without slow pyrolysis. This is partly due to the gasification of the biochar, 
which increases FT-product output, and partly due to the credit for the external use of the surplus 
heat. As described before credits given for replacing conventional district heat by using surplus heat 
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from slow pyrolysis and MILENA+FT-synthesis processes have the significant impact on the overall 
GHG emissions.  

Analogous to EFG value chains, big differences, are in the area of credits in the case that the biochar 
is not used for gasification but as a soil conditioner as described in Section 6.7. 

 

Figure 35.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
MILENA gasification in Emilia Romagna (Values listed in Table 22).  
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Table 22.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
MILENA in Emilia Romagna.  

 W/o SP w/ slow pyrolysis (biochar 
for soil improvement) 

w/ slow pyrolysis (biochar in 
gasification) 

 SO3 PO GR1 SO3 PO GR1 SO3 PO GR1 

Cultivation 11 6 4 3 13 11 8 12 8 

Harvesting 6 5 5 5 8 8 9 7 6 

Transport 1 2 2 2 1 1 1 2 1 1 

SP 0 0 0 0 1 5 5 1 4 

Transport 2 0 0 0 0 1 1 1 1 1 

MILENA+FT 16 16 16 16 16 16 16 16 16 

Distribution 1 1 1 1 1 1 1 1 0 

Credit LUC -6 -8 -8 0 -7 -15 -14 -6 -11 

Credit heat -19 -15 -15 -19 -20 -26 -26 -20 -24 

Credit biochar 0 0 0 0 -18 -78 -64 0 0 

Sum 12 7 6 7 -4 -75 -63 12 2 
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7. Regional case study results Brandenburg & (LocaGIStics2.0 & 
Bioloco) 
 

7.1 Data on biomass types  

In the case study of the combined Brandenburg & Mecklenburg-Vorpommern region the following 
biomass types were chosen: biomass sorghum and straw. The yields are given in Table 23. 

Table 23. Biomass yield levels used to map biomass potentials in Brandenburg-Mecklenburg-
Vorpommern 

Crop type Biomass yield  
(ton DM/ ha.year) 

Area type 

Biomass sorghum 
(double cropping) 

12 All winter cereal parcels  

Straw  
(Barley, wheat) 

4.4-5.8  Only wheat and barley parcels for seed production 

 

For Bioloco the area was divided in 49 hexagons (Figure 36) that each contain a specific amount of 
biomass (Table 24). For this German case study different production costs were assumed: biomass 
sorghum: 93.50 €/ton DM and wheat straw: 60.00 €/ton DM. 

 

Figure 36.  Biomass distribution in the hexagons in Brandenburg and Mecklenburg-Vorpommern. 
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Table 24. Biomass (ton DM/year) that can grow in the different hexagons (numbered by ID) for 
the biomass types biomass sorghum and straw. 

Hexagon 
number 

Sorghum 20% Straw 25% Hexagon 
number 

Sorghum 20% Straw 25% 

1 16.256 8.467 26 52.955 24.127 
2 18.098 9.426 27 15.245 7.360 
3 64.613 33.652 28 3.105 1.617 
4 78.314 40.788 29 32.372 16.860 
5 33.710 17.332 30 75.801 39.479 
6 36.599 19.062 31 98.629 52.095 
7 86.468 45.035 32 70.305 40.616 
8 85.955 44.659 33 47.483 24.332 
9 44.782 22.813 34 32.745 16.473 

10 2.349 1.069 35 47.848 22.309 
11 239 78 36 47.542 21.415 
12 17.721 9.230 37 1.242 463 
13 90.950 47.370 38 248 129 
14 66.358 34.562 39 10.178 5.301 
15 74.224 39.738 40 95.071 52.842 
16 70.527 35.413 41 51.896 30.484 
17 48.216 23.572 42 106.389 60.359 
18 30.467 15.489 43 49.588 24.070 
19 9.679 5.041 44 38.643 20.815 
20 94.009 48.963 45 3.927 1.776 
21 97.298 50.676 46 0 0 
22 53.521 27.899 47 16.623 8.684 
23 51.932 24.190 48 12.535 5.725 
24 46.620 25.120 49 9.426 5.092 
25 40.836 18.190 Grand total 2.179.536 1.130.258 

 

Based on the available biomass quantities the best location for an EFG or Milena gasifier was 
determined by GIS. This turned out to be the centre of Hexagon 21 (Figure 37). 
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Figure 37. Best location for a gasifier based on the GIS density analysis with LocaGIStics2.0. 

7.2 Data on means of transport  

In principle it is possible to choose a different type of means of transport for each arc in the network. 
In the EFG case study again two different types were chosen: 

 for the transport from the biomass source locations to the FP locations (optionally combined 
with the SP) trucks with a flatbed trailer were used to transport the bales; 

 for the transport from the FP locations to CG location tank trucks were used to transport the 

Fast Pyrolysis Oil (FPO). 

Each transport requires the double distance because of the return trip. 

7.3 Data on pre-treatment (Slow Pyrolysis), drying and storage 

Just like in Emilia Romagna pre-treatment of the biomass is needed to meet the requirements of the 
final conversion method. The quality of the feedstocks can vary due to environmental conditions (e.g. 
rain, etc.) but this is not considered in our model. The pre-treatment densifying (bales) was already 
performed in combination with the harvesting operation depending on the chosen type of biomass 
feedstock and value chain. Storage of the harvested biomass is needed to deal with seasonal biomass 
supply variations. Biomass is only harvested in a limited number of months and it is needed year-
round. Storage in the Brandenburg cases study will be done in open air at the side of the field or at 
the location of the SP/FP installations.  
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The biomass feedstock Biomass Sorghum that is still too wet (higher than 20 % MC) can either be 
dried at the Fast Pyrolysis installation, using residual heat of the FP process. In that case no extra 
costs, emissions or energy consumption will occur. The other option is to include a Slow Pyrolysis 
process as a pre-treatment technology, that uses part of the supplied biomass to produce gas and 
biochar. The gas is then used for forced drying of the biomass feedstocks to reduce the moisture 
content of the biomass feedstocks that are too wet. See Section 6.3 for the chain design. 

7.4 Data on conversion techniques 

The specifications of the conversion techniques are the same as those of the Emilia Romagna case 
study described in Section 6.4. So the final conversion can either be an EFG Gasifier or a Milena 
Gasifier. 

7.5 Network specific data of value chains with SP, FP and EFG 

The distances over the road between all hexagons are known. The complete distance dataset was 
constructed with LocGIStics2.0 and was supplied as an excel file (Table 25). The possible positions for 
SP are located in the centre of the hexagons and the Milena location was chosen to be in the centre 
of the hexagon 21. The centre of Hexagon 21 is the location in the Brandenburg – Mecklenburg-
Vorpommern case with the highest amount of biomass within a circle of 100 km. There is no point in 
this case region to which a higher amount of biomass can be sourced within a 100 km radius. This 
point was identified in a GIS analysis.   

Table 25.  The distances (km) between the central points of the hexagons and the possible 
Milena location in Hexagon 21.  

Hexagon 
number 

Milena in 
Hexagon 21 

Hexagon 
number 

Milena in 
Hexagon 21 

Hexagon 
number 

Milena in 
Hexagon 21 

1 184 19 249 37 342 
2 216 20 62 38 342 
3 141 21 0 39 109 
4 144 22 60 40 109 
5 170 23 115 41 152 
6 112 24 164 42 190 
7 97 25 213 43 234 
8 118 26 263 44 281 
9 149 27 314 45 328 

10 199 28 153 46 162 
11 235 29 108 47 239 
12 102 30 58 48 239 
13 64 31 58 49 329 
14 58 32 106 - - 
15 98 33 152 - - 
16 144 34 190 - - 
17 198 35 236 - - 
18 249 36 291 - - 
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7.6 Results of the assessments of Brandenburg & Mecklenburg-Vorpommern value 
chains with (SP)-FP-EFG  

The costs were calculated with locaGIStics2.0 for the first part of the chain and with Bioloco for the 
second part of the chain and then a total cost and GHG emission at the EFG gate was assessed in 
LocaGIStics2.0.  

7.6.1 Part 1 - Field to FP (and SP) installation 
In locaGIStics we first assessed at mobilisation level of 20% for sorghum and at 25% mobilisation 
level of straw the number of FP plants that could be sourced. The sourcing areas per FP plant were 
called clusters and were mapped (see map in Section 7.1). For these clusters we calculated the 
different cost levels as is illustrated in Table 26 for all clusters belonging to the same mobilisation and 
chain set-up.  

The number of clusters that could be formed was determined by the biomass demands per FP and 
FP-SP combination. In Table 26 it becomes clear that at 20% mobilization level for sorghum 58 FP 
clusters can be fed in the case study region. When the biomass demand is higher per cluster because 
of the FP and SP combination 42 clusters can be sourced. The amount of straw at 25% mobilization 
level is considerably smaller in total in the region which explain why only 30 clusters purely based on 
straw can be sourced. From Table 26 it also becomes clear that the average cost of the fast pyrolysis 
production amounts at average 245 €/ton dm input for straw and is most expensive at 356 €/ton 
input for a chain based on sorghum combined with SP in the process.    

Table 26.  LocaGIStics2.0 summary of calculations for the average costs in first part of the value 
chain from the 2,5x2,5 km cells to all possible FP locations for the 20% availability 
scenarios for sorghum with and without SP and for 25% straw mobilization (no SP 
only).  

 

For every cluster in Table 26 the LocaGIStics2.0 model calculated the different cost and emission levels 
up including the pre-treatment with FP to generate the pyrolysis oil intermediate with or without 
drying in SP. Per cluster the cost without drying in SP are lower, however, these are higher when 
calculated per ton of biomass. The question is however, how this works out in the total chain up to the 
EFG gasification plant gate. 

This requires selection of the most optimal clusters for sourcing the EFG chain, which is to be 
determined by the structure of the cost and emissions in every cluster and the distance between the  
FP plants (sourced by 1 cluster) to the possible locations for the EFG plant (see Table 27). For this the 
Bioloco model got all distance information between the possible clusters the selected EFG plant 
location in Hexagon 21 (Section 7.6)  In the following the results are explained of the Bioloco 
assessment. 

Sum of 
amount per 
ICT (FP (&SP) 
(ton)

Number of 
cluster 
possible

Sum of 
Feedstock 
Production 
Costs [€]

Sum of 
Transport 
costs short 
[€]

Sum of 
Storage costs 
[€]

Sum of 
Loading/ 
Unloading 
costs [€]

Sum of 
Pretreatment 
costs [€]

Sum of Drying 
Costs [€]

Average cost 
( cost €/ton 
dm)

sorghum_20%_no sp 37,171          58            203,786,596   2,518,794   14,984,309    6,211,677   354,320,594   -                267
sorghum_20%_sp 51,000          42            203,786,596   5,887,844   14,984,309    6,211,677   486,036,481   58,847,466     356
straw_25%_no sp 37,171          30            67,815,486    1,810,637   4,238,468      3,221,236   200,221,833   -                245
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Table 27. Distances (KM) generated by LocaGIStic2.0 between locations of all possible FP(&SP) 
cluster centres and location of the EFG in hexagon 21. 

 

 

 

 

7.6.2 Part 2 - FP installation to EFG installation 
The Bioloco model optimizes the choice of the hexagons from which the Fast Pyrolysis Bio Oil (FPBO) 
should be sourced to minimize the costs (Table 28). In this case that is a rather simple problem since 
all six hexagonds around the hexagon 21 are chosen, combined with hexagon 21 itself. Transport costs 
and loading/unloading costs should be added to those of the first part of the chain. The same holds for 
the emissions. When we compare the Brandenburg & Mecklenburg-Vorpommern case with the Emilia 
Romagna case then transport costs and emissions of the Brandenburg & Mecklenburg-Vorpommern 
case are higher than those in the Emilia Romagna case because of the larger transport distances (larger 
hexagons). The loading/unloading costs are the same because the same amount of FPBO is handled. 
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Table 28.  Bioloco results for the costs and emissions of part 2 of the supply chain from the 
chosen hexagon centre locations (ICPs) to the pre-chosen location of the EFG 
conversion site in the centre of hexagon 21.  

General     
Calculation number   169 
Description    FP to EFG 
Biomass               

Biomass types available   
Fast Pyrolysis 

Bio Oil (FPBO) 
Amount chosen total ton DM 184,800 

FPBO from hexagon 
numbers   

13, 14,  
20, 21, 22,  

30,31 
Costs     
transport costs euro 1,911,856 
loading/unloading costs euro 379,008 
Emissions (ton CO2-eq)     
transport emissions ton CO2-eq 11,213 
loading/unloading emissions ton CO2-eq 17 

 

7.7 Results of the assessments of Brandenburg value chains with (SP)-Milena  

In the German case study for the Milena chain we tested different chain set-ups based on a mix of 
feedstock namely straw, and sorghum in an intercropping system. A mix of biomass feedstock can be 
brought to the Milena gasifier. Like with the FP-EFG chain we also tested one chain without any pre-
treatment and one with drying with SP. In the case of SP, there is a need for an extra 27% feedstock, 
for the part of the feedstock that needs drying. This may apply to sorghum only as straw is expected 
to be dry enough. In the following we will first present the cost and GHG structure of the different 
chain set-ups as assessed by the LocaGIStics2.0 model and by the Bioloco model.  

7.7.1 Direct supply from field to Milena conversion calculated by LocaGIStics2.0 
In the locaGIStics2.0 assessment was done for different mobilization levels for a chain set-up where 
biomass is harvested and transported directly to the Milena gasifier plant.  

The first run by LocaGIStics2.0 was done with a supply of straw and sorghum with mobilization rates 
set at 50% and 50%. LocaGIStics2.0 was then forced to choose the best feedstock mix according to 
lowest cost. This resulted in a biomass sourcing mix of 100% straw. This is no surprise as the price per 
ton straw is significantly lower than for sorghum and at 50% mobilization rate, both feedstock are 
widely available in a circle around the Milena plant. The cost and GHG structure of a chain 100% 
sourced on straw are presented in Figures 38 and 39. The cost as compared to a similar Milena plant 
in Emilia Romagna case are lower, but this is purely related to the cost of straw in this part of 
Germany. The emissions are not too high, but cannot be made neutral with any credits as there is no 
carbon capture in the soil in case of dedicated crops, nor extra heat is produced.  
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Figure 38. LocaGIStics results showing the cost structure for two chains with and without SP at 
biomass mobilization rates for straw and sorghum at 50%. The biomass mix chosen 
by LocaGIStics2.0 in the chain with no SP consists for 100% of straw. In the chain with 
SP it is also 100% straw and this does not need drying, so SP is also excluded.    
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Figure 39. LocaGIStics results showing the GHG structure for two chains with and without SP at 
biomass mobilization rates for straw and sorghum at 50%. The biomass mix chosen 
by LocaGIStics2.0 in the chain with no SP consists for 100% of straw. In the chain with 
SP it is also 100% straw and this does not need drying, so SP is also excluded.    

If the mobilisation rate of straw is decreased towards 10% and that of sorghum is increased towards 
50%, LocaGIStics2.0 will still choose 100% straw as it is more attractive in terms of cost and in terms 
of the lower direct emissions. To understand what a sorghum based Milena chain may bring in terms 
of cost and emissions, particularly taking SP into account to also involve credits we put the 
mobilization rate of straw at 0% and for sorghum at 50%. The resulting crop mix of course becomes 
100 sorghum and the results in terms of cost and GHG structure are displayed in Figures 40 and 41.  
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Figure 40. LocaGIStics2.0 results showing the cost structure for two chains with and without SP 
for drying at biomass mobilization rates for a chain with and without SP based on 
100% sorghum.  

As to the cost of a 100% sorghum based chain one can conclude that these will be 55% higher than a 
chain sourced entirely on straw.  For the GHG emissions the sorghum case can bring higher 
mitigation effects however, particularly in the case of involvement of SP. When comparing between 
straw and sorghum based chains without SP we see that the sorghum based chain results in 65% 
higher GHG emissions. However, if SP is applied to dry the sorghum biomass the net mitigation for 
the sorghum chain can mitigate 9,832 tons of CO2eq, while the straw based chain will emit 3,420 ton 
CO2eq.  The advantage of the sorghum based chain entirely depends on the full use of heat and the 
right handling of the biochar. The cost levels may also be much better for the sorghum based chain it 
the credits in carbon are also monetized.  
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Figure 41. LocaGIStics2.0 results showing the GHG structure for two chains with and without SP 
for drying at biomass mobilization rates for a chain with and without SP based on 
100% sorghum. 

We conclude that also in the case of Brandenburg-Mecklenburg-Vorpommern chain implementations 
based on dedicated crops with SP involvement are the best performing chains at least in GHG 
mitigation potential.  
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Feedstock & harvesting 17,824 -9,129 8,694 22,606 -9,129 13,477

Storage 0 0 0 0 0 0

Transport Emissions 307 0 307 338 0 338

Loading & unloading 54 0 54 69 0 69

Total direct emissions 18,185 -9 9,056 23,012 -9,129 13,883

Drying (SP heat & electricity credit) 0 0 0 1,610 -14,658 -13,048
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Total net emissions 18,185 -9 9,056 24,622 -34,455 -9,832
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7.7.2 Indirect supply from field to hexagon centre (ICP) and then to Milena conversion 

calculated by Bioloco 
Four calculations were  performed with Bioloco for the value chain that involves indirect supply of 
biomass from the field (road side) to the centre of the hexagon and then from the hexagon centre to 
the Milena site that is allocated in the centre of hexagon 21 (Table 29). The first two calculations 
include Slow Pyrolysis drying at the centre of the hexagon and in the last two calculations no Slow 
Pyrolysis is included for drying. So drying is performed at the Milena site. 

In calculation 175 two possible biomass types are available: biomass sorghum (SO) and straw. In this 
calculation 175 the optimal solution is that only straw is chosen as feedstock because it does not 
require SP and thus is much cheaper. No Biomass sorghum is chosen because of its higher costs. The 
straw is collected from 7 hexagons that are close around hexagon 21. Calculation 175 has the lowest 
total cost (until conversion gate). 

In calculation 176 straw was excluded as available feedstock to see how biomass sorghum would 
take over the role of straw. Since this biomass type is more expensive the total feedstock costs of 
calculation 176 are much higher than those of calculation 175. Furthermore, since SO has to be dried 
by SP the pre-treatment costs (which include drying in Bioloco) are also high. Biomass sorghum is 
collected from 5 hexagons which is less than in the previous calculation 175, so the biomass is about 
at the same distance from hexagon 21. However, more biomass (27%) is needed for the Slow 
Pyrolysis process that needs to be collected from field to hexagon centre, which involves transport 
costs (over an average of 20 km to the centre of the hexagon). Furthermore, the biomass includes 
more moisture than straw (so less DM can be transported per truck ride). This explains the higher 
transport costs in calculation 176. Overall calculation 176 has the highest total costs of the four. 

In calculation 173 no Slow Pyrolysis is included. The optimal solution shows that only straw is 
sourced. This biomass type is collected from 7 hexagons again and this is actually a solution with the 
same results as calculation 175. 

In calculation 174 straw was excluded as available feedstock to see how biomass sorghum would 
take over the role of straw. Since this biomass type is more expensive the total feedstock costs of 
calculation 174 are much higher than those of calculation 173. However, since again no Slow 
Pyrolysis is included also no pre-treatment costs occur. 

In calculation 173 an 175 only straw was chosen. This results in the lowest total emissions of the four, 
because straw has the lowest emissions at roadside. Furthermore, no emissions for SP occur (Table 
30). Calculation 174 has higher emissions for the part of the feedstock biomass sorghum, but also no 
emissions for SP. The highest emissions occur for calculation 176 with high emissions for growing and 
harvesting the biomass sorghum and also high pre-treatment (drying) emissions. 
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Table 29.  Bioloco results for the costs of the indirect supply chain from the chosen hexagon 
centre locations (ICPs) to the pre-chosen location of the Milena conversion site in the 
centre of hexagon 21.  

General           
Calculation number   175 176 173 174 

Description    
With SP 
drying 

With SP 
drying No SP drying No SP drying 

Biomass                     
Biomass types available   SO & straw SO SO & straw SO 
Amount SO chosen ton DM 0 216,960 0 216,960 
Amount Straw chosen ton DM 216,960 0 216,960 0 
Amount chosen total ton DM 216,960 216,960 216,960 216,960 

SO from hexagon 
numbers   n.a. 

07, 09, 14, 
30, 31  n.a. 

14, 20, 21, 
22, 30, 31 

Straw from hexagon 
numbers   

13, 14, 20, 
21, 22, 30, 

31 n.a. 

13, 14, 20, 
21, 22, 30, 

31 n.a. 
Costs           
purchase costs euro 13,017,600 25,762,915 13,017,600 20,285,760 
storage costs euro 1,303,448 1,302,431 1,303,448 1,243,000 
transport costs euro 2,830,025 6,017,723 2,830,025 3,216,117 
loading/unloading costs euro 1,236,672 1,403,623 1,236,672 1,236,672 
pretreatment costs euro 0 2,657,880 0 0 
conversion costs euro 0 0 0 0 
total costs euro 18,387,745 37,144,572 18,387,745 25,981,549 

 

Table 30.  Bioloco results for the greenhouse gas emissions of the indirect supply chain from the 
chosen hexagon centre locations (ICPs) to the pre-chosen location of the Milena 
conversion site in the centre of hexagon 21.  

General           
Calculation number   175 176 173 174 

Description    
With SP 
drying 

With SP 
drying 

No SP 
drying 

No SP 
drying 

Emissions (ton CO2-eq)           
purchase emissions ton CO2-eq 3,255 10,610 3,255 8,354 
storage emissions ton CO2-eq 0 0 0 0 
transport emissions ton CO2-eq 3,129 6,040 3,129 3,126 
loading/unloading 
emissions ton CO2-eq 54 61 54 54 
pretreatment emissions ton CO2-eq 0 702 0 0 
conversion emissions ton CO2-eq 0 0 0 0 
total emissons ton CO2-eq 6,438 17,413 6,438 11,534 
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7.8 Results of the LCA assessment Brandenburg (emissions) 

7.8.1 Costs - Brandenburg (SP)-FP-EFG 
Hereafter, the results of the life cycle cost analysis of the EFG (gasification) und fast pyrolysis value 
chains are presented (Table 31). The results show the effect of the process steps of biomass supply, 
transport and the conversion steps slow pyrolysis and gasification related to the final FT-Diesel costs. 
3,037 EUR/t up to 4751 EUR/t were determined for the raw materials. The production costs for 
sorghum with 3,037 – 3,204 EUR /t are the lowest. Comparable with this are the costs for straw 
(3,327 EUR/t) and above this forest residues with 4,533 – 4,751 EUR/t. 

The contribution of biomass production (cultivation and harvesting) process to the costs is higher 
than in the Milena gasification. However, the share is distorted, due to the high share of surplus 
energy, which significantly reduces the cost of gasification. It’s relatively low for sorghum (cultivation 
16 – 22 %, harvesting 3 – 4 % %), higher for straw (cultivation 25 %, harvesting 11 %) and especially 
for forest residues (harvesting 35 - 52 %) Overall, the proportions are quite comparable to those from 
the Milena case. Logistical costs amount to a proportion of about 4 – 12 % for all value chains. The 
production costs depend on the fast pyrolysis (4 to 9 %) but again mainly on the gasification (36 to 
60 %). For the slow pyrolysis chains the costs have an influence with 12 to 14 %. 

Table 31.  Costs of the different steps during FT-production via EFG route, based on indicated 
product streams. 

 Cultivation Harvesting Logistics Cost SP Cost FP Gasification 
+ FT 

Base raw 
material 

raw 
material 

raw 
material 

dried FP 
raw 
material 

FP-
product 

FT-Product 

SO3-FP-GA 51 9 28  212 3,037 

S1-FP-GA 69 31 19  246 3,327 

FR1-FP-GA 0 165 19  448 4,533 

SO3-SP-FP-GA 51 9 28 25 238 3,204 

FR1-SP-FP-GA 0 165 19 44 483 4,751 

 

7.8.2 Greenhouse Gas emissions - Brandenburg (SP)-FP-EFG 
The Figure 42 shows the results of the life cycle assessment of the FP+EFG value chains in 
Brandenburg. In contrast to EFG value chain in Emilia Romagna no perennial crops have been used 
but forestry residues. So that there are differences between the uses of cultivated sorghum biomass 
and the use of agricultural and forest residues. On the one hand, emissions due to the input of 
fertiliser and diesel in agricultural machinery for the cultivation of sorghum. The emissions form 
fertiliser use, in particular N-fertiliser, are caused by energy intensive production and N2O field 
emission from N-application. The second reason for differences is associated with the improvement 
of soil organic carbon (SOC) and the credits given for the carbon accumulation. The assessment of 
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value chains based on residues like straw (STR) and forest residues (FR) starts with collecting the 
biomass provision (for straw compensatory fertilization has been considered).  

Analogous to EFG value chains Emilia Romagna, emissions associated with conversion processes 
differ between the value chains with included slow pyrolysis for biomass drying (using biochar in 
gasification) and the value chains with direct supply of biomass from field to gasification as described 
in 6.9.1. The same applies to the credits in the case that the biochar is not used for gasification but as 
a soil conditioner. The credits for the biomass with a higher moisture content (forest residues 
mc 35%) are higher than for sorghum with a much lower moisture content of 28%. Since straw with a 
moisture content of 18% does not require further drying, no integration of SP was taken into account 
for the value of chains based on straw. 

 

Figure 42.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
EFG in Brandenburg (values listed in Table 32). 
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Table 32.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
EFG in Brandenburg. 

 W/o SP w/ slow pyrolysis 
(biochar for soil 
improvement) 

w/ slow pyrolysis 
(biochar in 
gasification) 

 SO3 STR FR SO3 FR SO3 FR 

Cultivation 18 5 0 21 0 18 0 

Harvesting 11 9 10 12 12 11 9 

Transport 1 2 2 3 1 1 1 1 

SP 0 0 0 2 2 2 2 

Transport 2 0 0 0 1 1 1 1 

Transport 3 1 1 1 1 1 1 1 

Distribution 1 1 1 1 1 1 1 

Credit LUC -9 0 0 -11 0 -9 0 

Credit Electricty -4 -4 -4 -4 -4 -4 -4 

Credit heat -22 -22 -25 -24 -27 -21 -20 

Credit biochar 0 0 0 -23 -25 0 0 

Sum -2 -7 -14 -22 -37 1 -10 

 

Table 33.  GHG EFG Brandenburg (without allocation refinery products see Table 32).  

  Cultivation 
Harvest
ing SP FP EFG+FT 

Credit 
biochar 

Base 

Emissi
ons 
kgCO2-
Äq/t 
DM 

Credit
s 
(SOC) 
kgCO2
-Äq/t 
DM 

Emissio
ns 
kgCO2-
Äq/t 
DM 

Emission
s kgCO2-
Äq/t DM 

Credits 
(heat) 
kgCO2-
Äq/t 
DM 

Credits 
(electrici
ty) 
kgCO2-
Äq/t 
FPBO 

Credits 
(heat) 
kgCO2-
Äq/t 
FPBO 

Credits 
(electrici
ty) 
gCO2-
Äq/MJ 
FT-fuel 

Credits 
(biochar
) gCO2-
Äq/t 
DM 

SO3-FP-
GA 82 -42 47 - - -5 -141 -11  

S1-FP-
GA 21 0 37 - - -4 -134 -11  

FR1-FP-
GA 0 0 42 - - -5 -171 -11  

SO3-SP-
FP-GA 82 -42 47 8 -9 -4 -146 -11  

FR1-SP-
FP-GA 0 0 42 9 -8 -5 -173 -11  
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7.8.3 Costs - Brandenburg (SP)-Milena 
In this chapter the results of the life cycle cost analysis of the MILENA (gasification) value chains are 
presented (Table 34). The results show the effect of the process steps of biomass supply, transport 
and the conversion steps slow pyrolysis and gasification related to the final FT-Diesel costs.  

The calculated production costs for renewable FT-products are compared for the individual 
production processes. The production costs are calculated for sorghum with 2,655 – 2,776 EUR /t and 
comparable with this straw (2,863 EUR/t) and above this forest residues with 3,199 – 3,421 EUR/t. 

The contribution of biomass production (cultivation and harvesting) process to the costs is relatively 
low. Especially for sorghum (cultivation 14 %, harvesting 2 – 3 %), and straw (cultivation 18 %, 
harvesting 8 %) and higher for forest residues (harvesting 35 %) This is due to higher biomass prices 
for these raw materials. 

The dependence of the production costs on the gasification costs is apparent. In each case, these 
make up more than 57 % of the overall production costs. All other costs amount to just 11 to 34 % of 
the overall production costs. In the case of giant reed, the gasification costs are approx. 83 to 87 % of 
the overall costs, these include the costs for the investment in the plant, operation material and 
other production relevant costs. Logistical costs amount to a proportion of about 3 to 8 % for all 
value chains. For the slow pyrolysis chains the costs have an influence with 3 to 4 %. The costs are 
reduced in part by profits from surplus heat, but not in a relevant way. 

Table 34.  Costs of the different steps during production, based on indicated product streams. 

 Cultivation Harvesting Logistics Cost SP Gasificatio
n +FT 

Base raw material raw 
material 

raw material dried gasification 
raw material 

FT-
Product 

SO3-GA 51 9 28  2,655 

S1-GA 69 31 19  2,863 

FR1-GA 0 165 19  3,199 

SO3-SP-GA 51 9 28 16 2,776 

FR1-SP-GA 0 165 19 33 3,421 

 

7.8.4 Greenhouse Gas emissions - Brandenburg (SP)-Milena 
The results of the life cycle assessment of the MILENA (gasification) value chains in Brandenburg 
based on straw (STR), forestry residues (FR) and sorghum (SO) are presented in Figure 43. The 
significant differences in the assessment of emissions from biomass supply has been already 
described in detail in Sections 6.9 and 7.9.  

Analogous to the MILENA value chains in Emilia Romagna, the emissions from MILENA and FT-
synthesis process account for the largest share of the emissions caused. These GHG emissions 
primarily resulted from the use of fossil fuels to cover the process related electricity requirements 
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(assumptions for German electricity mix: 385gCO2-eq./kWh). An increased share of regenerative 
energy in the process energy mix could reduce overall GHG emissions.  

Analogous to results from assessing the case study value chain Emilia Romagna, when comparing the 
value chains without slow pyrolysis and with slow pyrolysis (SP) using biochar in gasification, it can be 
seen that the value chains based on dried biomass (on field dried biomass SO3 and STR) benefit less 
from slow pyrolysis, which dries the fresh biomass (FR) to 20% moisture content as described before. 
The same applies to the credits in the case that the biochar is not used for gasification but as a soil 
conditioner. The credits for the biomass with a higher moisture content (forest residues mc 35%) are 
higher than for sorghum with a much lower moisture content of 28%. 

 

Figure 43.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
MILENA gasification in Brandenburg (Values listed in Table 35). 
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Table 35.  Specific GHG emissions in gCO2-Eq./MJ FT-fuel – BECOOL case study value chain via 
MILENA in Brandenburg. 

 W/o SP w/ slow pyrolysis 
(biochar for soil 
improvement) 

w/ slow pyrolysis (biochar in 
gasification) 

 SO3 STR FR SO3 FR SO3 FR 

Cultivation 11 3 0 13 0 12 0 

Harvesting 6 5 5 8 6 7 6 

Transport 1 2 1 1 1 1 1 1 

SP 0 0 0 1 1 1 1 

Transport 2 0 0 0 1 1 1 1 

MILENA+FT 21 21 21 21 21 21 21 

Distribution 1 1 1 1 1 1 1 

Credit LUC -6 0 0 -7 0 -6 0 

Credit heat -19 -19 -18 -20 -20 -20 -20 

Credit biochar 0 0 0 -18 -23 0 0 

Sum 17 11 9 1 -14 17 9 

 

7.9 Results of the social life cycle assessment  

7.9.1 General description 
RESPONSA indicators contain qualitative and quantitative primary data, these indicators have been 
taken from the RESPONSA framework (Siebert, Bezama, et al., 2018a, 2018b; Siebert, O’Keeffe, et al., 
2018). RESPONSA is a social Life Cycle Assessment approach that evaluates through social indicators 
the socio-economic effects of products/services on stakeholders along the life cycle. It was 
developed according to specific regional considerations and focused on Bioeconomy aspects. 

7.9.2 Data Sources 
The main source of reference data is provided by: 

 the ‘IAB Establishment Panel’ (The IAB is a special office from the Federal Employment 

Agency); 

 the Federal Ministry for Economic Affairs and Climate Action; 

 the Federal Ministry of Labour and Social Affairs and; 

 by statistics collected by ‘Bundesagentur für Arbeit’. 

7.9.3 Method 
Data for RESPONSA indicators are available for (also known as economic sectors): 

1. Sorghum & Straw production process 

2. Wood Chips production process 
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3. Transport process 

4. ICPs process 

5. Synthetic gas process 

In theory, the primary data from the RESPONSA indicators should be compared with the real-world 
data obtained from surveys sent to related industries (companies related to the 5 processes). 
However, in this study, in the absence of potential companies, we did not compare the results of the 
company surveys.   

The results (values) for a specific indicator are compared along the value chain. Out of this, minimum 
and maximum values result, are sorted and determine the scale for the risk assessment. A high value 
for an indicator, i.e. rate of female employees can represent in one hand a low risk for social 
sustainability or for another indicator, i.e. weekly hours of work per employees, a high value 
represents a high risk for social sustainability. The values are interpreted according to the indicator.  

In the absence of companies, we have developed a method to compare the RESPONSA indicators 
data. The necessary indicators for the value chain have been normalised with "very high/high/ 
medium/low/very low risks for social sustainability". We have called this a social hotspot analysis. 

The PRPs are used only when we have a specific case (organisations). Our risk assessment is an LCIA 
method used when we don't have a specific case, thus we elaborate a hot spot analysis. 

7.9.4 The social hotspot analysis 
So, what do we compare and what exactly do the actual results reflect? We have conducted a social 
hotspot analysis for each indicator along the entire value chain.  

 This is achieved by comparing the processes with each other, per indicator. 

 The maximum and minimum value of the indicator within the value chain sets the scale. 

 The results in the risk levels indicate the social performance of a process for a specific 

indicator compared to the value chain. 

Table 36.  RESPONSA risk levels. 

RESPONSA - Risk 
levels 

Risk level by color 

VERY LOW   

LOW   

MEDIUM   

HIGH   

VERY HIGH   

 

We have decided to apply 5 Risk level scales (Table 36) that have been already used for case studies 
in the HILCSA framework (Zeug et al., 2021). The method consists of a scoring system for relative 
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social performance: ranging from very low to very high-risk levels. A score of Very high represents 
relatively worse performance and Very low is relatively better social sustainability performance. 

We used data obtained from RESPONSA. For a fair treatment of the data we used the average values 
of each indicator. Moreover, to know which value belongs to a specific scale, we developed a 
threshold.  A threshold is established between each scale. We have n scales and n-1 thresholds. 
(Minitab, LLC, 2022). 

very low threshold low threshold medium threshold high threshold very high 

7.9.5 The calculation for quantitative indicators 
It was calculated using the mean value of each process per indicator (Sorghum, wood chips, etc.). So, 
we have a range of 5 values per indicator. Then, the minimum mean value and the maximum mean 
value of that range are taken (min-max). The difference between min-max is then divided by 4 (steps 
needed). This result is called “step value”. 

Example:  

VERY LOW value = minimum mean value  

THRESHOLD = ((low-Very low)/2) + Very low 

LOW value = sum (minimum mean value + step value) 

If we take one of the values of the range and it is higher than the threshold, it means that the value 
belongs to the next scale. It is basically comparing the values with the threshold.  

7.9.6 Example for quantitative indicator: Rate of female employees 

 

From statistical data from the sources mentioned above, we obtain data for the share of female 
employees in specific sectors along the value chains, i.e. 58% of employees in sorghum-straw 
production are female.  

 

In order to determine the scale, values are sorted and the minimum and maximum values are 
defined.  
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By this determination we set the risk scale and distinguish in very high, high, medium, low and very 
low (including the thresholds for the associated values and risks) for social sustainability for this 
indicator. By this risk scale, a risk assessment for the five sectors mentioned above is done.  

A sample of quantitative indicators and the conducted risk assessment is shown in Figure 44. The 
evaluation of qualitative indicators is still in progress.   

 

Figure 44.  A sample of quantitative indicators and the conducted risk assessment. 

7.9.7 Transferability to other regions/countries 
To date RESPONSA is just applied in an exemplified region Germany so far. It might be applied in 
other European countries, i.e. Emilia-Romagna in Italy, where working conditions and processes are 
similar. Other institutions have shown interest in the RESPONSA model. There is a potential for 
application of the model in other parts of the world if supply chains and working conditions are 
similar or equal.  
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8. National case studies with BeWhere 
 

8.1 Introduction of the BeWhere model 

The BeWhere model is a geographic explicit model applied at the national level. The countries that 
were of interest were Italy and Germany. These countries have been chosen because the Bioloco and 
LocaGIStics model were applied in two smaller regions in these countries, i.e., Emilia Romagna and 
Brandenburg. Once run at the national level, the BeWhere model would then advice the Bioloco and 
LocaGIStics models whether any production facility would be set up in the regional case studies from 
a national perspective. 

The BeWhere model minimizes the cost of the supply chain from harvesting of the feedstock to the 
distribution of the final energy commodity to the demand point. Based on this optimization, the 
optimal locations and capacities of the production plants are identified. The production plants 
include the pre-treatment plans (i.e., slow or fast pyrolysis) and the final conversion facilities (i.e., 
gasification Milena type plants or Entrained flow gasification plants) as presented in Error! Reference 
source not found.. 

 

  

Figure 45.  Supply chain studied in the BeWhere model.  

8.2 Input data 

The input data needed for the model are the following: 

 location, production, emissions, and cost of the feedstock; 

 techno-economic parameter of the production plants (setup cost, operation and 

maintenance cost, conversion efficiency, emission from the process); 

 cost of transport for each commodity by the interesting transportation mode (e.g., truck); 

 detailed road and railway network; 



BECOOL – Deliverable 2.4 
 

105 
 

 location of the demand for the final energy commodities. 

The input data are taken from the deliverable 5.5 Most promising value chains. The biomass data is 
provided from the GLOBIOM model for which the amount of production is presented in Table 37 for 
the three scenarios High, Medium and Low. The BeWhere model optimized the locations of the 
production plants for these three biomass scenarios. The input data which is not geographically 
explicit can be found in Annex F.  

Table 37.  Biomass productivity in the country case studies for the BeWhere model in kdt/year 
GHG MILENA Brandenburg.  

Scenarios High yield Medium yield Low yield 
Countries Italy Germany Total Italy Germany Total Italy Germany Total 
EU1 140 0 140 70 0 70 35 0 35 
EU2 34 0 34 17 0 17 8 0 8 
GR1 1,401 219 1,619 700 109 810 350 55 405 
GR2 0 0 0 0 0 0 0 0 0 
MS1 31 277 309 16 139 154 8 69 77 
MS2 0 0 0 0 0 0 0 0 0 
PO1 320 2,761 3,081 160 1,380 1,541 80 690 770 
PO2 708 95 803 354 47 401 177 24 201 
SH3_cereal 1,835 2,168 4,002 917 1,084 2,001 459 542 1,001 
SH3_fallow 1,016 530 1,546 508 265 773 254 132 387 
SO3 0 0 0 0 0 0 0 0 0 
SO3_cereal 2,772 3,611 6,383 1,386 1,805 3,191 693 903 1,596 
ST2 4,054 3,085 7,139 2,703 2,057 4,759 1,351 1,028 2,380 
WR5 1,294 5,819 7,113 647 2,909 3,556 324 1,455 1,778 

 

The results on the impact of the biomass on the location of the production plants are presented in 
the following section. 

8.3 Results at the national level 

For each biomass scenario, the BeWhere model has been run to identify where a successive number 
of plants would be built. That means we first ran a scenario to identify the location of the first 
gasification plant, then a second one to identify the location of the first two plants, and so on. The 
graphs below present the amount and type of biomass that would be used as well as the share used 
at the national level when first one plant is built, then two plants, up to 70 plants to understand how 
the biomass use levels. The graphs present the results for both Germany and Italy. The biomass 
availability has been set to High, Medium and Low according to the data provided from the GLOBIOM 
model. 

For the case of Germany (Error! Reference source not found., 47 and 48), a maximum of 30 
gasification plants can be built with the high biomass production scenarios, whereas for the medium 
and low biomass production scenarios a maximum of 15 and 5 can be built respectively. Wood 
residues is the major feedstock of interest and is used almost up to 100% of the national production 
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for the three biomass production scenarios. There is other feedstock of interest, but with minor 
impact such as sun hemp or sorghum. It is used between 20% and 30% from the national production, 
representing a maximum of 1,000 kt use in the high biomass production scenario. The level 
decreases to a maximum of 500 kt biomass use or 15% share of the national production for the 
medium scenario, and to zero for the low biomass production scenario.  

Finally, the range of collection of the feedstock has been studied. To reflect the real reach of 
collection of the feedstock, a maximum distance has been set to 200km for the wood residuals, and 
for the other agricultural feedstock, it has been set either at 40km or at 50km. The reason behind this 
is that the model works at a 50 km2 grid size that means that the minimum distance that can be 
reached to the border of the grid is a minimum of 25km, and to reach the neighboring grid cell (or 
centroid of the grid cell), there is a minimum of 50km considering a straight line. The distances within 
the same grid cell are between 30 and 50 km, and the biomass availability is at the grid level 
(allocated to the center of the grid), which means that a grid cell with a 50 km to the same grid cell 
may not be selected if the maximum distance to collect the biomass is set to 40 km. Therefore, we 
had two scenarios with two different distances (i.e., 40km and 50km).  

Comparing the results for these types of scenarios, a 50km reach increases the biomass use by 10% 
for the high and medium biomass production scenario. For the low biomass production scenario, 
only the wood residuals is used whatever the distance to reach the agricultural feedstock, which 
means the concentration of the feedstock is too disparate to be collected and to feed a large biofuel 
production plant. 
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Figure 46.  High level of biomass production for Germany. 40km (left) and 50km (right) maximum 
reach for the collection of the feedstock except wood residues.  
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Figure 47.  Medium level of biomass production for Germany. 40km (left) and 50km (right) 
maximum reach for the collection of the feedstock except wood residues.  
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Figure 48.  Low level of biomass production for Germany.  

For the case of Italy (Figure 49 and 50) the total of biomass use is much lower than in Germany 
topping 1,000 kt for the high-level scenario and some 300 kt for the medium level scenarios. For the 
lower-level scenario, no production plant is setup as the biomass yield is too low or/and too 
disparate to be used in biofuel production. As previously for Germany, increasing the distance of 
reach for the biomass increases the biomass diversity from two feedstock to five different feedstock 
in the high-level scenario and from one to two in the medium level scenario.  

The feedstock which is first selected is always the cheaper ones, as presented below where straw is 
first selected followed successively by more expensive feedstock. 
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Figure 49.  High level of biomass production for Italy. 40km (left) and 50km (right) maximum 
reach for the collection of the feedstock except wood residues.  
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Figure 50.  Medium level of biomass production for Italy. 40km (left) and 50km (right) maximum 
reach for the collection of the feedstock except wood residues.  

The cost of production is presented as the cost of each segment of the supply chain in Error! 
Reference source not found.. The costs of the setup of the pre-treatment and the gasification 
facilities represent the major share followed by the cost of the feedstock.  

Interestingly, the cost of transport of the intermediary product is almost as large and larger than the 
cost of the transport of the feedstock. The reason is that the distance driven from the decentralized 
facilities to the gasification plants is of course higher than from the feedstock collection point to the 
decentralized facilities. But from a logistic and energy point of view, this is enables to collect more 
feedstock.  
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Figure 51.  Split of the cost for the scenarios based on the number of plants.  

 

 

Figure 52.  Share of the cost from each part of the supply chain for a maximum number of plants 
of 60.  
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The locations of the production plants are presented in maps, such as the examples provided below  
(Figure 53 to 55) for the highest number of Milena plants and each biomass production levels. The 
maps present the type of feedstock as well that is used in the facilities. The biofuel production 
spreads over the whole country of Germany, whereas for Italy, the concentration is mainly in the 
northern part of the country. Italy is very much sensible to the biomass production level, as soon as 
the medium level of biomass is applied a few numbers of plants can be set up, and straw is no longer 
a feedstock of interest.  

The full series of maps and plant locations for all scenarios can be found in the Zotero depository of 
the project. 

 

Figure 53.  High biomass production scenario, with the highest number of Milena plants.  
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Figure 54.  Medium biomass production scenario, with the highest number of Milena plants.  

 

Figure 55.  Low biomass production scenario, with the highest number of Milena plants.  
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9. Conclusions 
 

9.1 Conclusions  

The sourcing of wet biomass which requires drying may no longer be a problem as it can be solved 
through the incorporation of an extra SP pre-treatment step provided all heat generated in the chain 
is optimally used. 

We conclude that in the case of Emilia Romagna the cost of biomass sourcing to the biomass plant 
cannot be brought down by changing the crop mix. What can make a difference however is if Slow 
Pyrolysis from drying is involved and compensation in cost can be realised by using the credit heat 
and the biochar as soil improver from this process. At the GHG emission side lower chain emissions 
can be reached in 2 ways. Firstly, by increasing the amount of straw in the biomass mix. Secondly, by 
including SP process and using all extra heat produced in this process.   

From the National analysis in BeWhere it could be concluded that Germany has a potential about 5 
times higher than Italy. Its potential relies on Wood residues whatever the biomass scenario applied. 
For the case of Italy straw is the major feedstock for a high biomass scenario, but its potential drops 
drastically as soon as the biomass scenario changes, where only a couple of gasification plants can be 
set-up to nothing in the low biomass scenario. It has to be noted that these scenarios applies only 
when only one specific feedstock is used at the gasification plant, and no mixed is allowed.  
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Annex A. Data of the design components of the value chain 
 

The data related to the case studies are given here in Tables.  

It concerns: 

 A1. Feedstocks; 

 A2. Conversion technology and;  

 A3. Biomass mix and amounts needed. 

 

A1. Feedstocks 
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Table A1.1.  Chosen feedstocks in Middle and Southern Europe. 

Biomass 
type 

Code Description Form at 
road 
side 

Moisture 
Content (%) 

Moisture 
Content 
(%) used in 
calculation 
WP5 from 
data 
collection 
sheets 

Dry Yield 
(ton DM/ 
ha.year) 

Fresh Yield 
(ton FM/ 
ha.year) 

Harvesting 
period 

Storage 
needed to 
cover year-
round 
conversion 

Giant reed GR1 fresh cutting & chipping chips 50 50 20 40 Jan-Mar Apr-Sep 
Giant reed GR2 mowing, shredding, 

windrowing & baling 
bales 40 35 20 33.3 Jan-Mar Apr-Sep 

Giant reed GR3 mowing, drying on field, 
picking up & chipping 

chips 30 45 20 28.6 Jan-Mar Apr-Sep 

Eucalyptus EU1 felling with cutting & 
chipping machine 

chips 50 50 12 1) 24 Dec-Mar Apr-Nov 

Eucalyptus EU2 felling with cutting & 
windrower machine, 
drying, chipping 

chips 30 30 12 1) 17.1 Dec-Mar Apr-Nov 

Eucalyptus EU5 feller buncher, chipping chips 50 50 12 2) 24 Dec-Mar Apr-Nov 
Sorghum SO3 mowing, drying on field, 

baling 
bales 30 28 18 25.7 Sep-early 

Oct 
Oct-Aug 

Straw     18     
Forest 
Residues 

    30     

1) So you harvest 24 ton DM from a ha every two years for SRC. 
2) So you harvest 48 ton DM from a ha every four years for MRC. 
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Table A1.2.  Cultivation data (data mainly originate from Data collection sheet WP5). 

    Unit Source Sorghum Giant Reed Eucalyptus 
        SO1 GR1  GR2  GR3  EU1  EU2 EU5 

Fertiliser 

Urea, as N kg/ha*a CAP 120 46 34,5 
Phosphate fertiliser, as P2O5 kg/ha*a CAP 92 8.33    
Nitrogen fertiliser, as N kg/ha*a   8.33    
Potassium fertiliser, as K2O kg/ha*a   8.33    

Pesticide Glyphosate kg/ha*a CAP 4       
  Diesel in agricultural machinery l/ha*a DCS 124 13 5 
  

Yield 
t DM/ha*a CAP - 15    

  t DM/ha*a DCS 16    10 10 10 
  Personnel Costs €/t DM  6 3.0    
  Sum Cultivation Costs €/t DM  44.6 14.7 90 

Source: CAP = Communication Andrea Parenti - Crop Management + Fertilisation 
DCS = Data collection sheet 
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Table A1.3.  Harvesting data (data originate from Data collection sheet WP5). 

      Unit Sorghum Giant Reed Eucalyptus 
       SO1 GR1 GR2 GR3 EU1 EU2 EU5 

Input 

  Raw material free plant €/t 35.53 125.96 21.09 51.65 139.89 88.28 85.88 
            

Diesel Mowing (+Chipping) l/ha*a 6.73 112 146 23    

  Harvesting (Cutting + Chipping) l/ha*a     72 20 45 
  Yarding with forwarder l/ha*a       20 
  Size reduction  l/ha*a      63 50 
  Shredding l/ha*a 24       

  Windrowing l/ha*a 5       

  Baling l/ha*a 119       

  Picking up l/ha*a    80    

  Transport tractor l/ha*a 23 86 23 49 13.72 13.72  

  Transport distance km 20 5 10 5 n. sp. n. sp.  

Output 

Biomass at 
roadside 

Chips t FM/ha  62.5   20 15.38 15.38 
Bales t FM/ha 23  23 33.3    

mc % 28 76 35 45 50 35 35 

Cost 

Personnel Harvesting €/t dm  3.5 5.9 4.2 16.7 0.0 0.0 
Sum Harvesting €/t dm 9.1 6.5 6.1 3.9 13.8 2.3 31.2 
Sum Transport €/t dm 28.5 15.9 4.7 13.0 19.0 13.3 19.0 
Sum Harvesting + Cultivation €/t dm 88.2 43.6 34.4 38.8 111.9 105.6 140.2 

 CAP Communication Andrea Parenti - Crop Management + Fertilisation 
 DCS Data collection sheet 
 n. sp. Not specified 
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Table A1.4.  Chosen feedstocks in Northern Europe. 

Biomass 
type 

Code Description Form at road 
side 

Moisture 
Content (%) 

Dry Yield (t 
DM/ ha.year) 

Fresh Yield (t 
FM/ ha.year) 

Harvesting 
period 

Storage 
needed to 
cover year-
round 
conversion 

Sorghum SO3  mowing, drying on field, 
baling 

bales 30 11-13 15.7-18.6 Sep-early Oct Oct-Aug 

Straw 1) ST2 mowing, shredding, 
windrowing & baling 

bales 18 5 6.1 Sep Oct-Aug 

Woody 
residues 2) 

WR5 feller buncher, chipping chips 50 unknown 3) unknown Dec-Mar Apr-Nov 

1) We assume the same type of chain as GR2. 
2) We assume the same type of chain as EU5. 
3) The yield of woody residues per year is difficult to estimate; case specific choices (like biome, tree species and their diversity, management type, 

silvicultural practices and end product) have to be made before a value can be determined. 
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A2. Conversion technology 

Table A2.1.  Conversion technology capacity EFG chain with drying biomass from 40% MC to 20% MC (bold data originate from RE-CORD sheets). 

Conversion technology Biomass 
capacity at 
40 % MC 
(t/h) 

Biomass 
capacity 
converted to 
DM (t/h) 

Biomass 
consumed for 
drying at SP-
ICP from 40 to 
20 % MC (t/h) 

Biomass 
consumed for 
drying at SP-
ICP from 40 to 
20 % MC 
converted to 
DM (t/h) 

Biomass 
delivered to 
FP-ICP-Empyro 
at 20% MC (t 
/h) 

Biomass 
delivered from 
one SP-ICP to 
FP-ICP-Empyro 
converted to 
DM (t/h) 

FPBO 
delivered to 
EFG (t/h) 

One SP-ICP (in case of three SP-
ICPs for one FP-ICP) 

3.57 (40%) 2.14 (0%) 0.77 (20%) 0.61 (0%) 1.93 (20%) 1.55 (0%) - 

One SP-ICP (in case of two SP-
ICPs for one FP-ICP) 

5.35 (40%) 3.21 (0%) 1.15 (20%) 0.92 (0%) 2.9 (20%) 2.32 (0%) - 

One SP-ICP (in case of only one 
SP-ICP for one FP-ICP) 

10.7 (40%) 6.42 (0%) 2.3 (20%) 1.84 (0%) 5.8 (20%)  4.64 (0%) - 

Fast Pyrolysis (one Empyro) 
 

5.8 (20%) 4.64 (0%) - - - - 3.3 

Fast Pyrolysis (sum of 7 Empyros) 40.6 (20%) 32.48 (0%) - - - - 23.1 
 Please note: The DM figures do not add up completely correct due to rounding errors. 
 The running hours of thermochemical plants are 8,000 hours/year 
 The number 10.7 is the 7.7 + 3.0 in the figure of Section 3.4 
 Empyro (FP) needs biomass input with a 20% MC. 
 The total amount of dry matter biomass needed at road side for the chain with 7 Empyro installations where biomass is dried from 40% to 20% is: 7 * 6.42 

* 8,000 = 359,520 t DM/year. 
 The total amount of fresh matter biomass at 40% MC needed at road side for the chain with 7 Empyro installations where biomass is dried from 40% to 

20% is: 7 * 10.7 * 8,000 = 599,200 t FM(40%)/year. 
 These amounts will have to be recalculated if the biomass types at road side have a different fresh MC (probably more around 30% MC which could be 

achieved by natural drying on the field).  
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Table A2.2.  Conversion technology capacity Milena chain with drying biomass from 40% MC to 20% MC (bold data originate from RE-CORD sheets). 

Conversion technology Biomass 
capacity at 
40% MC (t/h) 

Biomass 
capacity 
converted to 
DM (t/h) 

Biomass 
consumed for 
drying at SP-
ICP from 40 to 
20 % MC (t/h)  

Biomass 
consumed for 
drying at SP-
ICP from 40 to 
20 % MC 
converted to 
DM (t/h) 

Biomass 
delivered to 
Milena at 20% 
MC (t/h) 

Biomass 
delivered to 
Milena 
converted to 
DM (t/h) 

FT-fuels 
delivered (t/h) 

Slow Pyrolysis (one of 10 ICPs) 4.52 (40%) 2.71 (0%) 1.0 (20%) 0.8 2.32 (20%) 1.856 (0%) - 
Slow Pyrolysis (sum of all 
ICP’s) 

45.2 (40%) 27.12 (0%) 10.0 (20%) 8.00 23.2 (20%) 18.56 (0%) - 

Milena (sum of all ICPs 23.2 (20%) 18.56 (0%) - - - - 4.2 
 Please note: The DM figures do not add up completely correct due to rounding errors. 
 The running hours of thermochemical plants are 8,000 hours/year 
 Milena needs biomass input with a 20% MC. 
 The total amount of dry matter biomass needed at road side for the chain with one Milena where biomass is dried from 40% to 20% is: 27.12 * 8,000 = 

216,960 t DM/year. 
 The total amount of fresh matter biomass at 40% MC needed at road side for the chain with one Milena where biomass is dried from 40% to 20% is: 45.2 * 

8,000 = 361,600 t FM(40%)/year. 
 These amounts will have to be recalculated if the biomass types at road side have a different fresh MC (probably more around 30% MC which could be 

achieved by natural drying on the field). 
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Table A2.3.  Overall production routes energy contents. 

Type Unit Energy content 
Gasoline-LHV MJ/kg 43.4 
Jet_LHV MJ/kg 43 
Diesel_LHV MJ/kg 42.6 

 

Table A2.4.  Overall production routes used cost data. 

Raw material/Energy Unit Source Number 
Electricity €/kWh Eurostat, 2022 0.1 
Heating €/kWh Turton, 2018 0.0058 
Natural gas €/kWh Turton, 2018 0.01 
Forest residues €/tDM C.A.R.M.E.N. e.V 2022 165 
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Table A2.5.  Conversion technology slow pyrolysis for Milena gasification (data originate from Data collection sheet slow pyrolysis WP 5). 

    Unit Comment Sorghum Giant Reed Eucalyptus Straw 
Forest 
Residues 

        
SO3 w/ 

SP  
GR1 w/ 

SP 
GR2 w/ 

SP 
GR3 w/ 

SP 
EU1 w/ 

SP 
EU2 w/ 

SP 
EU5 
w/SP     

Input 

Biomass delivered to 
ICPs t DM/h    21.49 32.79 23.14 28.16 32.79 21.62 32.79 18.56 21.62 
Biomass in Slow pyrolysis t FM/h   3.66 17.78 5.72 12.00 17.78 3.83 17.78   3.83 
Biomass in Slow pyrolysis t DM/h    2.93 14.23 4.58 9.60 14.23 3.06 14.23   3.06 

Auxiliar
y 

Electricity kW 
44 MWh/Kt 
Biomass 161.00 782.50 251.88 528.13 782.50 168.50 782.50   168.50 

Natural gas Nm³/h   65.53 318.36 102.47 214.85 318.36 68.57 318.36   69.00 
Water for char cooling t/h   0.24 1.15 0.37 0.78 1.15 0.25 1.15   0.25 

Dried biomass t DM/h 

mc 0%, 
Operational 
hours 8000 h 18.56 18.56 18.56 18.56 18.56 18.56 18.56 18.56 18.56 

Output 
Char 

t FM/h   1.18 5.76 1.85 3.88 5.76 1.24 5.76   1.24 
t DM/h   0.95 4.60 1.48 3.11 4.60 0.99 4.60   0.99 

LHV_char MJ/kg   28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 
Cost Investment mil € based on DCS 8         

 DCS Data collection sheet 
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Table A2.6.  Conversion technology for Milena gasification. 

    Unit Source Sorghum Giant Reed Eucalyptus Straw Forest Residues  

        
SO3 
w/o SP  

SO3 
after SP 

GR1 w/o 
SP 

GR2 
w/o SP 

GR3 
w/o SP 

GR 
after 
SP 

EU1 
w/o SP 

EU2 
w/o SP 

EU5 
w/o SP 

EU 
after 
SP    

FR w/o 
SP 

Forest 
Residues 
after SP 

Input Raw 
material at 
plant t/h 

 before drying 
(chains w/o SP) 25.7 23.2 37.1 28.6 33.7 23.2 37.1 26.5 37.1 23.2 22.7 26.5 23.2 

Raw 
Material t/h Aspen VTT 25.3 25.3 25.3 25.3 25.3   25.3 25.3 25.3   25.3 25.3 25.3 
Moisture 
content % Aspen VTT  20.5 
Moisture 
content % 

 after drying 
assumption 20 20 20 20 20 20 20 20 20 20 18 20 20 

LHV_DM MJ/kg DCS 16.9 16.9 17.8 17.8 17.8 17.8 18.4 18.4 18.4 18.4 16.7 18.4 18.4 
LHV 
before 
drying MJ/kg DCS 12.2 13.5 8.9 11.6 9.8 14.3 9.2 12.9 9.2 14.7 13.7 12.9 14.7 

 
Heat for 
drying kW 

calculated with 
assumption1,8
7 kWh/kg 
water 954 0 8,677 3,471 6,941 0 8,677 1,735 8,677 0 0 1,735 0 
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Table A2.7.  Conversion technology for Milena gasification: Raw material to Syncrude 

  Unit Comment Source Unspecific Sorghum Giant Reed Eucalyptus Straw Forest Residues  

Syncrude t/h   
Aspen 
VTT 

3.5 

CO2 t/h emissions 
Aspen 
VTT 26.2  

Electricity MW/MW   
Aspen 
VTT 

0.1  

Electricity kW   
Aspen 
VTT   7,972 7,972 8,416 8,416 8,416 8,416 8,694 8,694 8,694 8,694 7,920 8,661 8,661 

Heat to 
use kW   

Aspen 
VTT 0.437 38,075 38,075 40,193 40,193 40,193 40,193 41,522 41,522 41,522 41,522 37,824 41,365 41,365 

Raw 
material - 
Syncrude MJ/MJ simulation 

Aspen 
VTT 0.43                           

Syncrude MJ/h 
from Aspen 
results     134,892 134,892 142,395 142,395 142,395 142,395 147,105 147,105 147,105 147,105 134,004 146,546 146,546 
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Table A2.8.  Conversion technology for Milena gasification: Syncrude to FT-products 

  Unit Comment Source Unspecific Sorghum Giant Reed Eucalyptus Straw Forest 
Residues  

Syncrude - 
Gasoline MJ/MJ 

from Aspen 
results 

Klerk 
2011 0.399                           

Syncrude - Jet MJ/MJ 
from Aspen 
results 

Klerk 
2011 0.330                           

Syncrude - 
Diesel MJ/MJ 

from Aspen 
results 

Klerk 
2011 0.272                           

Gasoline t/h 
from Aspen 
results 

Klerk 
2011   1.24 1.24 1.31 1.31 1.31 1.31 1.35 1.35 1.35 1.35 1.23 1.35 1.35 

Jet t/h 
from Aspen 
results 

Klerk 
2011   1.04 1.04 1.09 1.09 1.09 1.09 1.13 1.13 1.13 1.13 1.03 1.12 1.12 

Diesel t/h 
from Aspen 
results 

Klerk 
2011   0.86 0.86 0.91 0.91 0.91 0.91 0.94 0.94 0.94 0.94 0.86 0.94 0.94 
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Table A2.9.  Conversion technology slow pyrolysis for EFG gasification (data originate from Data collection sheet slow pyrolysis WP 5). 

    Unit Comment Sorghum Giant Reed Eucalyptus Straw Forest 
Residues 

        SO3 w/ SP  GR1 w/ SP GR2 w/ SP GR3 w/ SP EU1 w/ SP EU2 w/ SP EU5 w/SP     
Input Biomass delivered 

to ICPs t DM/h   5.37 8.20 5.78 7.04 8.20 5.41 8.20 4.64 5.40 
Biomass in Slow 
pyrolysis t FMh/h   0.92 4.45 1.43 3.00 4.45 0.96 4.45   0.96 
Biomass in Slow 
pyrolysis t DM/h   0.73 3.56 1.14 2.40 3.56 0.77 3.56   0.76 

Auxiliary 
Electricity kW 

44 MWh/Kt 
Biomass 40.26 195.63 62.97 132.03 195.63 42.14 195.63   42.14 

Natural gas Nm³/h   16.38 79.59 25.62 53.71 79.59 17.14 79.59   17.14 
Water for char 
cooling t/h   0.06 0.29 0.09 0.19 0.29 0.06 0.29   0.06 
Dried biomass t DM/h MC 0%, 

Operational 
hours 8,000 
h, 4.64 t/h 
one Empyro 

4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 4.64 

Output char t FM/h   2.37 11.51 3.70 7.77 11.51 2.48 11.51   2.48 
char t DM/h   0.24 1.15 0.37 0.78 1.15 0.25 1.15   0.25 
LHV_char MJ/kg   28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 
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Table A2.10.  Conversion technology for FPBO production. 
    Unit Comment Source Sorghum Giant Reed Eucalyptus Straw Forest Residues 

          
SO1 

w/o SP  
SO1 after 

SP 
GR1 

w/o SP 
GR2 

w/o SP 
GR3 w/o 

SP 

GR 
after 

SP 
EU1 w/o 

SP 
EU2 w/o 

SP 
EU5 

w/o SP 

EU 
after 

SP Straw 
FR w/o 

SP 
FR after 

SP 
Input 

Raw 
material  t/h 

before 
drying 

(chains w/o 
SP)   45.0 40.6 65.0 50.0 59.1 40.6 65.0 46.4 65.0 40.6 39.6 40.6 46.4 

LHV_DM 
MJ/k

g   

DCS, FNR 
for Straw 
and FR 16.9 16.9 17.8 17.8 17.8 17.8 18.4 18.4 18.4 18.4 16.74 18.36 18.36 

LHV_free 
plant 

MJ/k
g   DCS 12.2 13.5 8.9 11.6 9.8 14.3 9.2 12.9 9.2 14.7 13.7 14.7 12.9 

Auxiliary 

Electricity kW   

Assumptio
n using 
Empyro 
Data -1,595 -1,766 -1,165 -1,515 -1,282 -1,864 -1,204 -1,685 -1,204 -1,926 -1,749 -1,919 -1,679 

Steam kW   

Assumptio
n using 
Empyro 
Data 42,534 47,097 31,073 40,394 34,180 49,716 32,100 44,940 32,100 51,360 46,639 51,165 44,770 

Heat for 
drying kW 

1.87 
kWh/kg 
water calculated 1670 0 15,184 6074 12,148 0 15,184 3,037 15,184 0 0 0 0 

Char t/h   

Assumptio
n using 
experiment
al 10.93 10.93 13.96 13.96 13.96 13.96 8.67 8.67 8.67 8.67 10.66 10.93 12.54 

Water t/h   

Assumptio
n using 
experiment
al 6.32 6.32 6.34 6.34 6.34 6.34 4.65 4.65 4.65 4.65 6.16 6.32 8.67 

Gases t/h   

Assumptio
n using 
experiment
al 6.16 6.16 3.81 3.81 3.81 3.81 5.71 5.71 5.71 5.71 6.01 6.16 4.65 

FP-
Output FPBO LHV 

MJ/k
g     15.84 15.84 15.50 15.50 15.50 15.50 16.21 16.21 16.21 16.21 15.50 16.21 16.21 

  t/h   
experiment
al 21.88 21.88 18.33 18.33 18.33 18.33 20.27 20.27 20.27 20.27 21.62 20.35 20.35 
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Table A2.11.  Conversion technology for EFG gasification from FPBO. 

    Unit Source FPBO 
Sorghum 

FPBO Giant Reed 
(Arundo) 

FPBO 
Eucalyptus 

FPBO 
Straw 

FPBO Forest 
Residues 

Input 

Raw material free 
plant 

t/h 
from balance 

FP sheet 
21.9 18.3 20.3 21.6 20.3 

Moisture content free 
plant 

% 
from balance 

FP sheet 
27.8 29.6 22.8     

LHV_free plant MJ/kg from balance 
FP sheet 

15.84 15.5 16.21 15.50 16.21 

Output 

gasoline t/h Aspen VTT 1.34 1.10 1.27 1.29 1.27 
jet t/h Aspen VTT 1.12 0.92 1.06 1.08 1.06 
diesel t/h Aspen VTT 0.93 0.76 0.88 0.90 0.88 
Electricity MW/MW Aspen VTT 0.09 0.09 0.09 0.09 0.09 
Net- Electricity kW Aspen VTT -8,183 -6,709 -7,757 -7,914 -7,787 
Raw material - 
Syncrude 

MJ/MJ Aspen VTT 
0.42 0.42 0.42 0.42 0.42 

Syncrude MJ/h 
from Aspen 

results  145,558 119,344 137,988 140,775 138,514 

Cost 

Fuel Synthesis mil. € Li et al. 2015 33.5     
Air Separation mil. € Li et al. 2015 17.7     
Gasification mil. € Li et al. 2015 16     
Hydro processing mil. € Li et al. 2015 17.7     
Syngas cleaning mil. € Li et al. 2015 16.4     

 EFG route produces electricity as the off gas is not combusted in the gasification 
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Table A2.12.  Conversion technology for EFG gasification from FPBO plus char used. 

  Unit Source FPBO 
Sorghum 

FPBO GR1 FPBO GR2 FPBO GR3 FPBO EU1 FPBO EU1 FPBO EU3 FPBO 
Straw 

FPBO Forest 
residues 

Input Raw 
material 
free plant 

t/h from 
balance FP 
sheet 

21.9 18.3 18.3 18.3 20.3 20.3 20.3 21.6 20.3 

  Moisture 
content 
free plant 

% from 
balance FP 
sheet 

27.8 29.6 29.6 29.6 22.8 22.8 22.8     

  LHV_free 
plant 

MJ/kg from 
balance FP 
sheet 

15.84 15.5 15.5 15.5 16.21 16.21 16.21 15.50 16.21 

Output gasoline t/h Aspen VTT 1.52 1.97 1.38 1.68 2.14 1.46 2.14 1.29 1.46 

  jet t/h Aspen VTT 1.27 1.64 1.15 1.41 1.79 1.22 1.79 1.08 1.22 

  diesel t/h Aspen VTT 1.06 1.37 0.96 1.17 1.49 1.01 1.49 0.90 1.01 

 Gasoline-
LHV 

MJ/kg 43,4 65,960.42 85,456.52 59,705.51 73,106.55 92,895.47 63,202.97 92,895.47 56,169.33 63,412.88 

 Jet_LHV MJ/kg 43 54,553.73 70,678.33 49,380.50 60,464.06 76,830.84 52,273.13 76,830.84 46,455.84 52,446.75 

 Diesel_LHV MJ/kg 42,6 44,965.50 58,256.07 40,701.50 49,837.04 63,327.23 43,085.73 63,327.23 38,290.87 43,228.83 

 

 

  



BECOOL – Deliverable 2.4 
 

134 
 

Table A2.13.  Emission factors applied in attributional LCA. 

Description  Value Unit Reference 

N fertilizer production (Urea) 1.935 kg CO2/Kg N (European Commission 2021) 

Diammonium phosphate (as P2O5) 1.4 kg CO2/Kg P2O5 Ecoinvent 3.6 

Diammonium phosphate (as N) 2.74 kg CO2/Kg N Ecoinvent 3.6 

Diesel production and use 3.14 kg CO2/liter Biograce Excel tool V4d 

N fertilizer application (Ef1, Eq 11.1) 0.01 kg N2O-N/kgN IPCC2006 

N fertilizer application volatilisation 
(Ef4, Eq 11.1) 

0.01 kg N2O-N/kgN IPCC2006 

N fertilizer application leakage  
(Ef5, Eq. 11.1) 

0.0075 kg N2O-N/kgN IPCC2006 

Urea application 1.57 kgCO2/ kg N N (Rösemann et al. 2021) 

Electricity mix (assumed for E-27) 300 gCO2-eq./kWh Ecoinvent 3.6 

Natural gas (production and use) 60 gCO2-eq./MJ Ecoinvent 3.6 
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Table A2.14.  Specific GHG emissions in gCO2-eq./MJ FT- BECOOL generic value chains via MILENA gasification. 

 GHG emissions per process step in g CO2-eq / MJ FT-fuel Saldo 

Process steps Cultivation Harvesting Logistics Slow pyrolysis Gasification +FT Credit SOC Credit surplus 
heat 

 

GR1-GA 4.22 4.87 3.14  16.26 -7.91 -14.99 5.6 
GR2-GA 4.37 6.38 2.66  16.30 -7.96 -17.53 4.22 
GR3-GA 4.05 4.49 2.95  16.40 -7.93 -15.87 4.10 
GR1-SP-GA 5.52 6.21 2.67 3.91 16.27 -10 -24.26 0.24 
GR2-SP-GA 4.84 7 2.45 1.6 16.3 -8.8 -21 2.51 
GR3-SP-GA 5.23 5.4 2.6 2.9 16.4 -9.54 -22.77 0.17 
EU1-GA 4.03 4.57 3.07  16.32 -9.46 -15.17 3.35 
EU2-GA 4.03 5.27 2.47  16.32 -9.46 -18.38 0.26 
EU5-GA 4.01 7.30 3.07  16.32 -9.45 -15.18 6.07 
EU1-SP-GA 5.18 5.89 2.64 3.83 16.32 -12.18 -24.22 -2.54 
EU2-SP-GA 4.31 5.68 2.36 1.05 16.37 -10.19 -20.17 -0.6 
EU5-SP-GA 5.02 9.38 2.64 3.82 16.3 -12.17 -24.19 0.8 
SO3-Ga 10.98 6.46 2.57  16.3 -5.6 -18.7 11.99 
SO3-SP-Ga 11.75 6.92 2.46 1.09 16.3 -6.02 -20.23 12.26 
STR-Ga 3.11 5.19 2.38  16.37  -19.16 7.9 
FR-Ga 0 5.4 2.49  16.32  -18.31 5.9 
FR-SP-GA 0 5.85 2.37 1.06 16.32  -20.23 4.48 
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Table A2.15.  Specific GHG emissions in gCO2-eq./MJ FT- BECOOL generic value chains via EFG gasification. 

 GHG emissions per process step in g CO2-eq / MJ FT-fuel Saldo 

Process steps Cultivation Harvesting Logistics Slow pyrolysis Credit SOC Credit surplus 
heat 

Credit surplus 
electricity 

 

GR1-FP-GA 9.06 10.19 5.49  -16.58 -23.43 -4.7 -19.2 
GR2-FP-GA 8.93 13.28 4.45  -16.58 -29.61 -4.7 -23.46 
GR3-FP-GA 8.94 9.46 5.08  -16.58 -25.49 -4.7 -22.63 
GR1-SP-FP-GA 8.86 9.76 3.69 6.3 -16.25 -23.85 -3.55 -14.62 
GR2-SP-FP GA 8.89 12.96 3.71 2.9 -16.41 -25.64 -3.77 -16.77 
GR3-SP-FP GA 8.86 9.23 3.7 4.96 -16.51 24.56 -3.64 -17.14 
EU1-FP-GA 7.55 8.56 4.87  -17.71 -17.85 -3.85 -17.7 
EU2-FP-GA 7.49 9.85 3.76  -17.76 -25.41 -4.11 -25.44 
EU5-FP-GA 7.49 13.65 4.87  -17.69 -17.84 -3.86 -12.66 
EU1-SP-FP-GA 7.66 8.73 3.48 5.79 -18.44 -22.47 -3.54 -18.35 
EU2-SP-FP-GA 7.35 9.78 3.4 1.84 -17.94 -23.8 -3.76 -22.49 
EU5-SP-FP-GA 7.69 14.06 3.49 5.81 -18.51 -22.56 -3.55 -13.14 
SO3-FP-Ga 18.37 10.82 2.65  -9.4 -21.87 -3.88 -2.36 
SO3-SP-FP-Ga 18.21 10.72 3.19 1.69 -9.33 -20.97 -3.68 0.49 
STR-FP-Ga 5.00 9.16 2.99   -21.87 -3.89 -7.39 
FR-FP-Ga  10.01 3.75   -25.04 -3.85 -16.39 
FR-SP-FP-GA  8.77 3.06   -20.35 -3.53 -9.92 

 

 



BECOOL – Deliverable 2.4 
 

137 
 

Table A2.16 Calculation of conversion cost in LCC for gasification part of chain in Milena. 

  Milena Gasification +FT 
Base FT-Product (€/ton DM) 
SO3-GA 2,655 
GR1-GA 2,271 
GR2-GA 2,207 
GR3-GA 2,237 
EU1-GA 2,702 
EU2-GA 2,659 
EU5-GA 2,894 
S1-GA 2,863 
FR1-GA 3,199 
SO3-SP-GA 2,729 
GR1-SP-GA 2,304 
GR2-SP-GA 2,264 
GR3-SP-GA 2,281 
EU1-SP-GA 2,871 
EU2-SP-GA 2,745 
EU5-SP-GA 3,116 
FR1-SP-GA 3,352 

 

Table A2.17 Calculation of conversion cost in LCC for gasification part of chain in EFG. 

  EFG Gasification +FT 
Base FT-Product (€/ton DM) 
SO3-FP-GA 3.037 
GR1-FP-GA 3.138 
GR2-FP-GA 2.686 
GR3-FP-GA 2.926 
EU1-FP-GA 4.266 
EU2-FP-GA 3.466 
EU5-FP-GA 4.838 
S1-FP-GA 3.327 
FR1-FP-GA 4.533 
SO3-SP-FP-GA 2.893 
GR1-SP-FP-GA 1.989 
GR2-SP-FP-GA 2.348 
GR3-SP-FP-GA 2.130 
EU1-SP-FP-GA 2.633 
EU2-SP-FP-GA 3.228 
EU5-SP-FP-GA 2.931 
FR1-SP-FP-GA 4.221 
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A3. Biomass mix and amounts needed for EFG chain in Middle and Southern Europe 

 The share of the three biomass types has been estimated as a fraction of 7 with a distinction between Spain and Italy (no Eucalyptus). That way a 
complete ICP could in theory be supplied with one single feedstock and another ICP with one other single feedstock. That was mentioned as a 
constraint in Vienna. However, if a mix at one ICP (SP) and also at the Empyro (FP) is possible then that would probably be more realistic from a 
logistical point of view. 

 The two tables below for the EFG chain are calculated for the example of RE-CORD where biomass of 40% MC is dried to 20% MC. All yields are 
given in DM. In that situation the total demand of dry matter biomass is 359,520 t DM/year (as calculated below Table 3). This is only to give an 
impression of the DM biomass amounts and ha needed. However, if the biomass at roadside has a different moisture content, e.g. drier (around 
30%) or wetter (50%) then the total demand will be different of course and the tables will need to be recalculated. 

Table A3.1. Mix of biomass types needed for EFG chain with total demand of 359,520 t DM/year in Middle and Southern Europe (Spain). 

Biomass type Share in mix (%) Demand biomass 
(t DM/year) 1) 

Code Yield (t DM/ha.year) Area that needs to be harvested per year 
(ha) 

Giant Reed 2/7 = 28.57 102,715 GR1, GR2 GR3 20 5,137 
Eucalyptus 3/7 = 42.86 154,090 EU1, EU2, EU5 12  6,420 (SRC) or 3,210 (MRC) 2) 
Sorghum 2/7 = 28.57 102,715 S03 18 5,706 
 Total 359,520  Total 17,262 (SRC) or 14,052 (MRC) 

1) By calculating with DM there is no difference between GR1, GR2 etc.; fresh matter is only relevant for the further logistics (more weight if more MC). 
2) 2x for SRC option with two years growth and 4x for MRC. 

Table A3.2. Mix of biomass types needed for EFG chain with total demand of 359,520 t DM/year in Middle and Southern Europe (Italy). 

Biomass type Share in mix (%) Demand biomass 
(t DM/year)  

Code Yield (t DM/ha.year) Area that needs to be harvested per year 
(ha) 

Giant Reed 4/7 = 57.14 205,430 GR1, GR2 GR3 20 10,272 
Eucalyptus 0/7 = 0.00 0 EU1, EU2, EU5 12  0 
Sorghum 3/7 = 42.86 154,090 S03 18 8,561 
 Total 359,520  Total 18,833 
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A4. Biomass mix and amounts needed for Milena chain in Middle and Southern Europe 

 The share of the three biomass types has been estimated as a fraction of 7 with a distinction between Spain and Italy (no Eucalyptus). That way a 
complete ICP could in theory be supplied with one single feedstock and another ICP with one other single feedstock. That was mentioned as a 
constraint in Vienna. However, if a mix at one ICP (SP) and also at the Empyro (FP) is possible then that would probably be more realistic from a 
logistical point of view. 

 The two tables below for the Milena chain are calculated for the example of RE-CORD where biomass of 40% MC is dried to 20% MC. All yields are 
given in DM. In that situation the total demand of dry matter biomass is 216,960 t DM/year (as calculated below Table 4). This is only to give an 
impression of the DM biomass amounts and ha needed. However, if the biomass at roadside has a different moisture content, e.g. drier (around 
30%) or wetter (50%) then the total demand will be different of course and the tables will need to be recalculated. 

Table A4.1. Mix of biomass types needed for Milena chain with total demand of 216,960 t DM/year in Middle and Southern Europe (Spain). 

Biomass type Share in mix (%) Demand biomass 
(t DM/year)  

Code Yield (t DM/ha.year) Area that needs to be harvested per year 
(ha) 

Giant Reed 2/7 = 28.57 61,985 GR1, GR2 GR3 20 3,099 
Eucalyptus 3/7 = 42.86 92,990 EU1, EU2, EU5 12  3,875 (SRC) or 1,937 (MRC) 1) 
Sorghum 2/7 = 28.57 61,985 S03 18 3,444 
 Total 216,960  Total 10,418 (SRC) or 8,481 (MRC) 

1) 2x for SRC option with two years growth and 4x for MRC. 
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Table A4.2. Mix of biomass types needed for Milena chain with total demand of 216,960 t DM/year in Middle and Southern Europe (Italy). 

Biomass type Share in mix (%) Demand biomass 
(t DM/year)  

Code Yield (t DM/ha.year) Area that needs to be harvested per year 
(ha) 

Giant Reed 4/7 = 57.14 123,971 GR1, GR2 GR3 20 6,199 
Eucalyptus 0/7 = 0.00 0 EU1, EU2, EU5 12  0 
Sorghum 3/7 = 42.86 92,989 S03 18 5,166 
 Total 216,960  Total 11,365 
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Annex B. Value chain design schemes 
B1. Feedstocks 

 

  



BECOOL – Deliverable 2.4 
 

142 
 

B2. Logistics & conversion: SP, FP & EFG 
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B3. Logistics & conversion: SP & Milena 
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Annex C. Data logistics for regional cases study assessment  
 

Sources: 

1. S2BIOM database logistical components 

2. S2BIOM D3.4 + D3.6: Annex 2 Results logistical case studies Aragon 
3. BECOOL D2.2 - Annex A. Standard data collected for Bioloco 

4. BeWhere & BECOOL (Fulvio) 

Table C1. Drying with Slow Pyrolysis (€/ton dm input) in value chains via Milena gasification (based on 
LCC assessment presented in Deliverable 5.5). 

  Cost SP 

Base 
dried gasification raw material  

(€/ton DM) 
SO3-SP-GA 27 
GR1-SP-GA 64 
GR2-SP-GA 26 
GR3-SP-GA 45 
EU1-SP-GA 117 
EU2-SP-GA 30 
EU5-SP-GA 138 
FR1-SP-GA 43 

 

Table C2. Drying with Slow Pyrolysis and total Fast Pyrolysis cost (€/ton dm input) (based on LCC 
assessment presented in Deliverable 5.5) in value chains via EFG gasification . 

  Cost SP Cost FP 

Base 
dried FP raw material  

(€/ton DM) 
FP-product  
(€/ton DM) 

SO3-FP-GA - 212 
GR1-FP-GA - 195 
GR2-FP-GA - 126 
GR3-FP-GA - 163 
EU1-FP-GA - 405 
EU2-FP-GA - 279 
EU5-FP-GA - 496 
S1-FP-GA - 246 
FR1-FP-GA - 448 
SO3-SP-FP-GA 26 240 
GR1-SP-FP-GA 35 201 
GR2-SP-FP-GA 19 144 
GR3-SP-FP-GA 27 173 
EU1-SP-FP-GA 63 383 
EU2-SP-FP-GA 30 304 
EU5-SP-FP-GA 74 463 
FR1-SP-FP-GA 45 485 
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Table C3. Storage in open air at field side (source 3). 

Storage Length Width Height Volume Form Costs 
  (m) (m) (m) (m3)  (€/m3.a) 
Outdoor Soil 50 20 3.6 2,786 Bales 0.023 

Outdoor Soil 50 40 3.6 6,127 Bales 0.020 
Outdoor Soil + Plastic cover 50 15 3.6 1,951 bales 0.15 

 

Table C4. Covered storage at ICP/SP plant/conversion site (source 3). 

Storage Length Width Height Volume Form Costs 

  (m) (m) (m) (m3)  (€/m3.a) 
Indoor steel (no floor) 50 30 3.85 5,775 Bales 0.73 
Indoor steel (with floor) 50 30 3.85 5,775 Bales 1.00 
Indoors Bunker  - -   -  -  0.80 
Indoors Bunker  -  -  - -   0.76 
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Table C5. Transport. 

Transport 
 

     

 Name Form Maximum 
volume 

capacity (m3) 

Maximum 
weight 

capacity (ton) 

Energy 
demand 
(MJ/km) 

Variable Costs 
(€/km) 

Source 

Farm tractor with tipper chips 70 21.4 20.51 1.45443 1. record 18 
Farm tractor with platform trailer bales 89 18 20.51 1.4928 1. record 17 
Truck with 2 containers chips 80 26 12.23-20.51 1.5537 - 1.63 1. record 10 & 21 
Truck with walking floor chips 90 - 115 22.5 - 25 - 28 12.23-20.51 1.4746 - 1.50 - 

1.55 
1. record 11 & 20 and 2. page 

26-29 
Truck with a flatbed trailer bales 80 26.6 12.23 2.128 2. page 26-29 
Tank truck  oil  30 30  12.33 3.31 (double) Pootakhan, 2010 
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Table C6. Road transportation costs in Globiom/BeWhere. 
 

Woodchips from 
EU1 PO1 EU2 PO2 EU5 

WR5 

Chips from 
GR1 MS1 GR3 MS3  

Bales from 
GR2 MS2 SO3 SH3 ST2 

Country 

Fixed cost 
(EUR t DM-1) 

Variable 
cost 

(EUR t DM-1 
km-1) 

Fixed cost 
(EUR t DM-1) 

Variable 
cost 

(EUR t DM-1 
km-1) 

Fixed cost 
(EUR t DM-1) 

Variable 
cost 

(EUR t DM-1 
km-1) 

Austria 1.803 0.123 2.080 0.142 2.111 0.144 
Belgium 1.703 0.139 1.964 0.161 1.993 0.163 
Bulgaria 0.988 0.099 1.139 0.114 1.156 0.116 
Croatia 1.008 0.116 1.162 0.134 1.180 0.136 
Cyprus 1.335 0.120 1.539 0.138 1.562 0.140 
Czech Rep 1.314 0.112 1.516 0.129 1.538 0.131 
Denmark 2.615 0.142 3.016 0.163 3.061 0.166 
Estonia 1.288 0.122 1.485 0.140 1.507 0.142 
Finland 1.667 0.131 1.922 0.152 1.934 0.153 
France 1.807 0.142 2.084 0.164 2.115 0.167 
Germany 1.815 0.126 2.094 0.145 2.125 0.147 
Greece 1.337 0.127 1.542 0.147 1.564 0.149 
Hungary 1.003 0.107 1.156 0.123 1.173 0.125 
Ireland 1.639 0.129 1.890 0.149 1.918 0.151 
Italy 1.456 0.140 1.679 0.161 1.704 0.164 
Latvia 1.086 0.110 1.253 0.127 1.271 0.129 
Lithuania 1.006 0.104 1.160 0.120 1.177 0.122 
Luxembourg 1.740 0.119 2.007 0.137 2.036 0.139 
Malta 1.160 0.117 1.338 0.134 1.358 0.136 
Netherlands 2.040 0.133 2.353 0.154 2.388 0.156 
Poland 1.083 0.103 1.249 0.119 1.268 0.121 
Portugal 1.080 0.127 1.246 0.146 1.264 0.148 
Romania 0.895 0.108 1.033 0.125 1.048 0.127 
Slovakia 1.246 0.115 1.437 0.133 1.459 0.135 
Slovenia 1.094 0.116 1.262 0.134 1.281 0.136 
Spain 1.513 0.118 1.745 0.136 1.770 0.138 
Sweden 1.992 0.140 2.298 0.161 2.312 0.162 
UK 1.809 0.144 2.087 0.166 2.118 0.169 
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Table C7. Transportation emissions in Globiom/BeWhere. 

Country 

Woodchips 
EU1 PO1 EU2 PO2 EU5 

WR5 (KgCO2 t DM-1 km-1) 

Chips 
GR1 MS1 GR3 MS3 
(KgCO2 t DM-1 km-1) 

Bales 
GR2 MS2 SO3 SH3 ST2 

(KgCO2 t DM-1 km-1) 
Austria 0.159 0.183 0.186 
Belgium 0.159 0.183 0.186 
Bulgaria 0.159 0.183 0.186 
Croatia 0.159 0.183 0.186 
Cyprus 0.159 0.183 0.186 
Czech Rep 0.159 0.183 0.186 
Denmark 0.159 0.183 0.186 
Estonia 0.159 0.183 0.186 
Finland 0.147 0.169 0.170 
France 0.159 0.183 0.186 
Germany 0.159 0.183 0.186 
Greece 0.159 0.183 0.186 
Hungary 0.159 0.183 0.186 
Ireland 0.159 0.183 0.186 
Italy 0.159 0.183 0.186 
Latvia 0.159 0.183 0.186 
Lithuania 0.159 0.183 0.186 
Luxembourg 0.159 0.183 0.186 
Malta 0.159 0.183 0.186 
Netherlands 0.159 0.183 0.186 
Poland 0.159 0.183 0.186 
Portugal 0.159 0.183 0.186 
Romania 0.159 0.183 0.186 
Slovakia 0.159 0.183 0.186 
Slovenia 0.159 0.183 0.186 
Spain 0.159 0.183 0.186 
Sweden 0.147 0.169 0.170 
UK 0.159 0.183 0.186 
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Table C8. Load capacity data in Globiom/BeWhere road transportation. 

Country  

Wood chips 
EU1 PO1 EU2 EU5 PO2 

WR5 
(t DM) 

Chips 
GR1 MS1 GR3 MS3 

(t DM) 

Bales 
GR2 MS2 SO3 SH3 ST2 

(t DM) 

Austria 15.8 13.7 13.5 
Belgium 15.8 13.7 13.5 
Bulgaria 15.8 13.7 13.5 
Croatia 15.8 13.7 13.5 
Cyprus 15.8 13.7 13.5 
Czech Rep. 15.8 13.7 13.5 
Denmark 15.8 13.7 13.5 
Estonia 15.8 13.7 13.5 
Finland 18.8 16.3 16.2 
France 15.8 13.7 13.5 
Germany 15.8 13.7 13.5 
Greece 15.8 13.7 13.5 
Hungary 15.8 13.7 13.5 
Ireland 15.8 13.7 13.5 
Italy 15.8 13.7 13.5 
Latvia 15.8 13.7 13.5 
Lithuania 15.8 13.7 13.5 
Luxembourg 15.8 13.7 13.5 
Malta 15.8 13.7 13.5 
Netherlands 15.8 13.7 13.5 
Poland 15.8 13.7 13.5 
Portugal 15.8 13.7 13.5 
Romania 15.8 13.7 13.5 
Slovakia 15.8 13.7 13.5 
Slovenia 15.8 13.7 13.5 
Spain 15.8 13.7 13.5 
Sweden 18.8 16.3 16.2 
UK 15.8 13.7 13.5 
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Annex D. Input data Bioloco 
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Annex E. Input data LocaGIStics2.0 
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Annex F. Input data BeWhere 
 

Table F1. Economic parameters of the conversion facilities. 

Technology Unit Feedstock Product Operation and 
Maintenance 

Set up 
cost 

Slow pyrolysis kEUR/t_out EU1, PO1 Dried EU1, PO1 0.0125 0.178 
Slow pyrolysis kEUR/t_out EU2, PO2 Dried EU2, PO2 0.0059 0.0839 
Slow pyrolysis kEUR/t_out GR1, MS1 Dried GR1, MS1 0.0051 0.0734 
Slow pyrolysis kEUR/t_out GR2, MS2 Dried GR2, MS2 0.0028 0.0399 

Slow pyrolysis kEUR/t_out 
SO3, SO3 cereal, 
SH3 fallow, SH3 
cereal 

Dried SO3… 0.0024 0.0347 

Slow pyrolysis kEUR/t_out WR5 Dried WR5 0.0133 0.19 
Milena plant kEUR/t_out dried_EU1_PO1 dried_EU1_PO1 0.0140 0.2 
Milena plant kEUR/t_out dried_EU2_PO2 dried_EU2_PO2 0.0140 0.20 
Milena plant kEUR/t_out dried_GR1_MS1 dried_GR1_MS1 0.0140 0.20 
Milena plant kEUR/t_out dried_GR2_MS2 dried_GR2_MS2 0.0140 0.20 
Milena plant kEUR/t_out dried_SO3_cereal dried_SO3_cereal 0.0140 0.20 
Milena plant kEUR/t_out ST2 dried_ST2 0.0140 0.20 
Milena plant kEUR/t_out dried_WR5 dried_WR5 0.0140 0.2 

 

Table F2. Conversion value at the installations. 

Technology Feedstock Products Unit Efficiency 
Slow pyrolysis EU1, PO1 Dried EU1, PO1 t_out / t_in 0.354 
Slow pyrolysis EU2, PO2 Dried EU2, PO2 t_out / t_in 0.751 
Slow pyrolysis GR1, MS1 Dried GR1, MS1 t_out / t_in 0.354 
Slow pyrolysis GR2, MS2 Dried GR2, MS2 t_out / t_in 0.751 

Slow pyrolysis 
SO3, SO3 cereal, 
SH3 fallow, SH3 
cereal 

Dried SO3… t_out / t_in 0.778 

Slow pyrolysis WR5 Dried WR5 t_out / t_in 0.751 

Milena plant Dried feedstock or 
ST2 Green_Gasoline t_out / t_in 0.07 

Milena plant Dried feedstock or 
ST2 jet_fuel t_out / t_in 0.06 

Milena plant Dried feedstock or 
ST2 Green_diesel t_out / t_in 0.05 
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Table F3. Transportation operation and maintenance cost in MEUR/kt. 
Feedstock Germany Italy 
EU1 0.00166 0.00160 
EU2 0.00166 0.00160 
GR1 0.00166 0.00160 
GR2 0.00166 0.00160 
MS1 0.00229 0.00220 
MS2 0.00229 0.00220 
PO1 0.00229 0.00220 
PO2 0.00229 0.00220 
SH3_cereal 0.00244 0.00235 
SH3_fallow 0.00244 0.00235 
SO3 0.00244 0.00235 
SO3_cereal 0.00244 0.00235 
ST2 0.00166 0.00160 
WR5 0.00166 0.00160 
Dried EU1, PO1 0.00116 0.00112 
Dried EU2, PO2 0.00150 0.00144 
Dried GR1, MS1 0.00116 0.00112 
Dried GR2, MS2 0.00141 0.00136 
Dried SO3… 0.00224 0.00216 
Dried WR5 0.00116 0.00112 

 

Table F4. Transportation variable cost in kEUR/t/km. 
Feedstock Germany Italy 
EU1 0.000115 0.000128 
EU2 0.000115 0.000128 
GR1 0.000115 0.000128 
GR2 0.000115 0.000128 
MS1 0.000158 0.0001725 
MS2 0.000158 0.0001725 
PO1 0.000158 0.0001725 
PO2 0.000158 0.0001725 
SH3_cereal 0.000168 0.000187 
SH3_fallow 0.000168 0.000187 
SO3 0.000168 0.000187 
SO3_cereal 0.000168 0.000187 
ST2 0.000115 0.000128 
WR5 0.000115 0.000128 
Dried EU1, PO1 0.00008 0.00009 
Dried EU2, PO2 0.00010 0.00012 
Dried GR1, MS1 0.00008 0.00009 
Dried GR2, MS2 0.00010 0.00011 
Dried SO3… 0.00015 0.00017 
Dried WR5 0.00008 0.00009 
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