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Optimizing cost of biofuel production for two drop-in biofuel 

pathways: 

 

1: straw -> transport-> fast pyrolysis-> transport of energy 

carrier -> new built gasification and fuel synthesis plants 

2: forestry residues -> transport-> catalytic pyrolysis-> 

energy carrier -> transport -> existing refineries 



Biomass based energy 
intermediates boosting biofuel 
production 



The feedstock potential assessment for  

EU-27 + Switzerland in NUTS-3  

1.Agricultural residues 

1.1 Straw  

1.2 Residuals of pruning 

1.3 Livestock residues 

1.4 Hay from permanent grassland 

1.5 Perennial crops 

2. Forestry residues 

3. Natural conservation matter 

3.1 Green urban areas 

3.2 Hay and shrubs 

4. Roadside vegetation 

 

  

5. Urban and industrial waste 

5.1 Biodegradable municipal waste 

5.2 Bio-waste of food industry 

5.3 Bio-waste of wood industry by-

products 
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Source Location 

RENEW Project http://www.renew-fuel.com/fs_documents.php 

 
EEA: CORINE http://www.eea.europa.eu/data-and-maps/data/corine-land-cover-2006-raster-2 

 

Eurostat http://ec.europa.eu/eurostat/web/agriculture/statistics-illustrated 
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Straw surplus was modelled by using 
followed scenario for assessment: 
 

Step 1. Average grain yield for NUTS-2  
Step 2. Straw potential 
Step 3. Theoretical straw potential 
Step 4. Technical straw potential  
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Step 1. Average grain yield for NUTS-2  

Crop production in EU-27 +CH (yield in kt). Sources: Eurostat  
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Step 2. Straw potential 

Crop Algorithm: Straw to grain ratio 

Wheat and barley Yield*(0.769-0.129*ATAN((Yield-6.7)/1.5)) 

Maize -0.181*LN(Yield)+1.337 

Rice -1.226*LN(Yield)+3.845 

Rape seed -0.452*LN(Yield)+2.0475 

Sunflower - 1.1097*LN(Yield)+3.2189 

other cereals: oat, triticale, mixes of cereals, etc. 0.9 

Sources: Edwards (2005) for wheat and barley, 
 Scarlat (2010) for maize, rice, rapeseed and sunflower 
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Step 3. Theoretical straw potential (TeoSP) 

TeoSP=

 (𝑌𝑖𝑒𝑙𝑑 ∗ 𝑟𝑎𝑡𝑖𝑜 𝑠𝑡𝑟𝑎𝑤 − 𝑡𝑜 − 𝑔𝑟𝑎𝑖𝑛)𝑖
𝑖=1  

 

 

 

 

Where: 
Yield = yield of  i (i = wheat, barley ...) in ton per NUTS-2 
Ratio = straw to grain ratio 
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Step 4. Technical straw potential TechSP (NUTS-3)  

TechSP = TeoSP/ –                                                   //in loop according to 3 steps ! 
 
  first step (soil protection):  100% oilseed rape and turnip rape straw [OT_S]  
                                                  + 50 % maize stalks [MS_S] 
  second step (soil protection): while [OT_S]+ 50%[MS_S] < 30% of TeoSP then 
                              - remained MS_S – sunflower straw (if needed)  
                              - other cereals straw (if needed) – wheat and barlay straw (if needed) 
                                                     end 
   third step (feeding and beding): while STRAW > 0 and STRAW (needed for animals) > 0  then 
                              - cereals straw (if exist and if needed)  
                                                     end   
 
 
  We do not assume import/export of straw in case of straw deficit in the region (NUTS-3) 
  In case of deficit the technical straw potential = 0 
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Methods, approaches and data 
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Simulation based optimization 
model 

HeuristicLab: BioBoost module 

Developed by University of Applied Science Upper Austria 
 
• Simulation-based optimization to construct an optimisation scenario for feedstock 

usage, plant location selection, and transport route selection 
 
• Mixed-integer optimization problem for finding optimal biomass networks with respect 

to economic and ecologic objectives 
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Case study area 

Location of the case study area (highlighted) in Germany and Poland. Large NUTS 3 regions were 
split up to areas of less than 7500 km² (thin straight lines) to increase the performance of the 
optimisation model. Locations of refineries relevant for the study area are indicated by red dots. 

• population of about 29 million  

• transport fuel demand of about 15.7 
million tonnes oil equivalent 

• national average consumption of 
0.626 and 0.429 tonnes per person 
for Germany and Poland 
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Theoretical straw potential 
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Farm holdings and avarage farm size 
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Deduction of competing use 
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Technical straw potential 
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Theoretical potential of forestry 
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Technical potential of forestry 
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Power to
grid, 8.4

Fieldside
stack, 117

Fast pyrolysis, 
117

Transport 
fuel 40.4

Straw

Biosyncrude, 
100

Biooil upgrading
refinery, 100

117

Energy
Input - Output

40.4

5.4

Power from
grid, 2.8

80 km, fuel
consumption 0.65

180 km, power 
demand 0.22

Sankey-diagram on energy flows of a design-size (100 MW) catalytic fast pyrolysis plant and respective 
upgrading capacity in a refinery (67.7 MW instead of design size 260 MW). Numbers indicate the energy flow 
in MW. Transport efforts are given for reference case. (S. Kühner, SYNCOM) 

Energy flow of Fast Pyrolysis 
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Ambient heat (air
drying in pile, 4)

Power 
to/from grid

Steam
reformer

Roadside
pile, 82

Forest residue
collection, 78

Catalytic
pyrolysis, 104

Feedstock drying, 22

Natural 
gas, 7.9

Light gases recycling, 11.1

Hydrogen 
14.4

Transport 
fuel 51.2

3.3

2.2

Forest
residues

Biooil, 
47.9

4.8

Biooil upgrading
refinery, 67.7

78

Energy
Input - Output

7.9

51

2.4

Fuel 0.67

220 km88 km

0.2

Sankey-diagram on energy flows of a design-size (100 MW) catalytic fast pyrolysis plant and respective 
upgrading capacity in a refinery (67.7 MW instead of design size 260 MW). Numbers indicate the energy flow 
in MW. Transport efforts are given for reference case. (S. Kühner, SYNCOM) 

Energy flow of Catalytic Pyrolysis  
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Feedstock cost supply/demand  

The feedstock prices (y-axis) depend on degree of utilization (x-axis). Increasing prices 
were assumed, if more than 50% of the available residue and waste feedstock is marketed. 
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Regions with CP-plants and their size in tonnes forestry residues conversion capacity per year 
(green-290,000 t/a; orange-533,000 t/a). Forest residue procurement is indicated by the blue 
arrows, red arrows indicate biooil transport for upgrading at existing refineries. Total transport 
fuel production costs and amounts are given for the refineries as yielded in this best of 6 
parallel optimisation runs. 

Leuna 
1690 EUR/t 
142,000 t/a 

Schwedt 
1666 EUR/t 
130,000 t/a 

Plock 
1626 EUR/t 
174000 t/a 

Gdansk 
1669 EUR/t 
130,000 t/a 

Costs and transport fuel amounts 
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Regional forest residue utilisation in best run. Blue shading: 5-20%; green: 40-
60%, red: 100% utilisation; blue arrows: forest residue transport to CP-plant; red 
arrow: biooil transport to refinery.  

Regional forest residue utilisation 
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Cost components of the final fuel 
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Added value in the regions of the study area. Blue shading: Up to 11 MEUR/a; green: 40 to 60 
MEUR/a; yellow: 80 – 90 MEUR/a; red: 110 MEUR/a 

Added value in the regions 
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1. In the study area the available and sustainable exploitable potential of straw and 
forest residues amounts to 300 PJ or 7.1 million tonnes oil equivalent per year. 

2. Fully implemented the CP- and FP-biofuel value chains converts about 50% of the 
available straw and forest residue biomass to 1.5 million tonnes of transport fuel.  

3. The CP- and FP-biofuel potential covers about 10% of the annual transport fuel 
demand in the study area. 

4. At a GHG-avoidance of about 80% and assuming local consumption of the CP- 
and FP-biofuels the CO2-emissions of the transport sector would be reduced by 
7.7 %. This is 25% more than required by the present regulations. 

5. The investment required for full implementation of the CP- and FP-value chains 
in the study area amounts to about 23 billion EUR. Specific measures to support 
and back these investments would be needed. 

6. The conversion technology of both, the CP- and FP-value chain is currently not 
commercial available. Further efforts for development and demonstration of 
these technologies are needed prior to commercialisation. 

The case study conclusions 
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