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• European Green Deal:

• Reducing GHG emissions by at least 55% by 2030 and 90% by 2050 compared to 

1990 levels (EU Commission 2019)

• Rendering Europe the world’s first climate-neutral continent by 2050 (EEA 2021)

→Transition towards a sustainable energy & transport system + increase of market share of 

biofuels in EU transport sector necessary to reach Green Deal mandates

• EU Sustainable and Smart Mobility Strategy (Mobility and Transport 2022)

• Recast of the EU Renewable Energy Directive (RED II) (EU Parliament & Council 2018)

Introduction & Motivation I



Introduction & Motivation II

• Promotion of biofuels in transport sector through carbon tax (€/ton CO2) as regulating 

instrument

• Decarbonization of transport sector through carbon neutral technologies, e.g. electric 

vehicles powered with renewable energy or bio-based fuels 

• Previously: GHG emission reduction through blending mandates, e.g. bioethanol with gasoline 

(E10)

• Superior environmental sustainability of 2nd generation biofuels (BF-2)

Selected biomass-to-FT diesel chains have a high potential as alternative fuel due to 

a) increased ecological performance (lower life-cycle carbon emissions, no associated land-

use- changes)

b) financial competitiveness (economies of scale)



Objective

(1) To determine and compare the present1 economic and environmental performance of the following four Biomass-to-Liquid (BtL) 

fuel chains and conventional diesel:

(2) To provide an outlook for the expected economic and environmental performances of the above mentioned BtL fuel chains and 

conventional diesel for 2030 and 2050

1for the year 2020
2This work has received funding of the European Union’s Horizon 2020-Research and Innovation Framework Programme under grant agreement No. 817841 (Chemical Looping gasification foR sustainAble

production of biofuels-CLARA).

(a) Forestry wood-to- FT diesel
→ Data based on previous study by Ajanovic et al. 2012 

“The long-term prospects of biofuels in the EU-15 
countries”

Conventional diesel

(b) Straw-to- FT diesel
→ Data based on previous study by Ajanovic et al. 2012 

“The long-term prospects of biofuels in the EU-15 
countries”

(c) Pine forest residue-to- FT diesel
→ Recent data based on EU Horizon 2020 Chemical 

Looping Gasification for Sustainable Production of Biofuels 
(CLARA2) project 

(d) Wheat straw-to- FT diesel
→ Recent data based on EU Horizon 2020 CLARA2 project



Method of Approach 

Economic analysis:
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where:

EC……Energy content [kWh/ton FS]

FS…. Feedstock

PFS……price FS [€/ton FS]

IC……investment costs [€/kW]

n……..efficiency of refinery

CO&M…..∑operation & maintenance, transport, labor, electricity, heat etc. 

[€/Kw]

RSP…. Revenues side-products

T…. full load  hours [h/yr]

Environmental analysis:

𝐶𝑂2_𝑆𝑃 = 𝑛𝐹𝑆 . 𝐶𝑂2 𝑖𝑛𝑝𝑢𝑡 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘 + 𝐶𝑂2 𝑖𝑛𝑝𝑢𝑡 𝑏𝑖𝑜𝑓𝑢𝑒𝑙

where:

ηFS……Feedstock conversion efficiency

CO2 input feedstock……∑CO2 (passive/sink, fertilizer, fuelfeedstock, fueltransport) [kg CO2/ kg FS]

CO2 input biofuel….∑CO2 (creditby-products, pressing, BF conv., other WTT, transp.fill. stat.,TTW)

[kg CO2/kg BF]

Abbreviations: WTT… well-to-tank, TTW…tank-to-wheel



Economic Assessment, BtL fuel chains (a) & (b)
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Fig. 1. Segmented total production costs for forest wood-to-FT diesel & straw-

to-FT diesel chains incl. CO2 taxes for 2020 (based on Ajanovic et al. 2012)

compared to corresponding Diesel price (EUR/kWh) for the EU

*for the year 2020

Abbreviations:

TPC… total production cost, FT-D_FW…FT-diesel produced from forest wood, FT-D_S… FT-diesel produced from straw



Economic Assessment, BtL fuel chains (c) & (d) 

Fig. 2. Segmented total production costs for wheat straw-to-FT diesel & pine forest

residues-to-FT diesel chains incl. CO2 taxes for 2020 (based on CLARA project and

Ajanovic et al. 2012) compared to corresponding Diesel price (€/kWh) for the EU

Abbreviations:

TPC… total production cost, FT-D_WS…FT-diesel produced from wheat straw, FT-D_PFR… FT-diesel produced from pine forest residues



Economic Assessment, 2030 & 2050 Outlook
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Fig. 3. Segmented total production costs scenarios for forest wood-to-FT diesel & straw-

to-FT diesel chains incl. CO2 taxes for 2030 and 2050 (based on Ajanovic et al. 2012)

compared to corresponding Diesel prices (EUR/kWh) for the EU

Where FT-D_S and FT-D_FW signify FT diesel obtained from straw and forest wood, respectively, * Ajanovic et al (2012)



Environmental Assessment

Fig. 4. CO2 balances for forest wood-to-FT diesel & straw-to-FT diesel

chains for 2020, 2030 and 2050 (based on Ajanovic et al. 2012)

compared to corresponding Diesel CO2 (TTW emissions) for the EU

Where FT-D_S and FT-D_FW signify FT diesel obtained from straw and forest wood, respectively, * Ajanovic et al (2012)
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Outlook, selected major literature



Conclusions

Fig. 5. Total production cost scenarios for forest wood-to-FT diesel (a), pine forest

residue-to-FT diesel (c), straw-to-FT diesel (b) and wheat straw-to-FT diesel (d)

chains incl. CO2 taxes for 2020 (based on Ajanovic et al. 2012 & CLARA project)

compared to corresponding Diesel prices (EUR/kWh) for the EU
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