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Bioethanol from Lignocellulose (ca. 43 PJ)

Background

Lessons learned biofuels

− Intertask study of IEA Bioenergy TCP Task 39, Task 40 

and Task 45

− Research questions

− What are key factors for the success of sustainable 

advanced biofuel projects?

− What is required to re-stimulate vigorous biofuels 

development and commercialization? 

Quelle: [Schröder 2022] 

Methanol (ca. 1 PJ)
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Meta analysis existing studies

Key messages

− Conventional biofuels such as ethanol (both sugarcane and corn) and biodiesel produced in substantial quantities 

and on market in several countries >> So far, most important biofuels to replace fossil fuels in the world.

− Yields, costs and environmental indicators improved with time

− Mandates and proper public policies were important to support implementation and technological improvements.

− Economic crises (Covid, war) affected biofuel mandates and use in several countries >> advances in biofuel 

production and use of past years will have to be recovered.

− Published indicators for 2G/advanced ethanol are seldom available >> evidence that technological bottlenecks are 

being overcome.

− Although feedstock issues apply in some countries, lessons learned with these biofuels turned them into relevant 

benchmarks and set standards for novel biofuels with low TRL 

− Biomass-to-liquid, Bio SNG, HVO, and straw-derived 2G ethanol show suitable indicators of environmental impact, 

SDG, and feedstock diversity to be replicated in different regions

− Technological and cost limitations must be overcome.
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Meta analysis existing studies

Exemplary results

Learning curve of sugarcane and ethanol 

yields in Brazil 

Evolution of corn ethanol production and 

number of ethanol plants in the USA 
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Meta analysis existing studies

Exemplary results

a The economic crises caused by Covid and the war caused biodiesel mixture to 

decrease to 10-12% in 2021-22. Mandates for ethanol and biodiesel mixtures 
were also reduced in many countries

Estimated avoided GHG emissions to be 

achieved by the Renovabio policy in Brazil.

Example of mandate driving production and use of biofuel: 

evolution of the biodiesel mixture in diesel in Brazila
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Meta analysis existing studies

Exemplary results

Biofuel
Country/

Region
TRL Feedstock Biofuel 

Production Biofuel Yield GHG 
emission Mandate

m3/yr m3/ha g CO2e/MJ

Ethanol (Sugarcane 1G) Brazil 9 Sugarcane 33 M 6.8 23 Yes

Ethanol (Sugarcane 2G) Brazil 8 Sugarcane 0.12 M
0.231 m3/t

(6.0 m3/ha) 
11.8 Yes

Ethanol (Corn 1G) Brazil 9 Corn 3.0 M 2.3 m3/ha 23 Yes

Ethanol (Corn 1 G) USA 9 Corn 55 M 4.4 52 Yes

Ethanol (Cellulosic various 2G) Europe 7 Straw (wheat) 55 M t (potential) 0.2 m3/t 14 Yes

Biodiesel (FAME) Brazil 9 Soybean 6 M 0.68 m3/t oil 15.8 Yes

HVO Europe 9 UCO 0.5 Mt 0.77 t/t feedstock 16 Yes

Biomass to Liquid (BTL)/DME Sweden 7 Black liquor - 0.25 MWh/t black 
liquor - Yes

Biosynthetic Natural Gas (SNG) Sweden 7 Multiple 20 MW 0.57 MW CH4/MJ 
dry feedstock 18.8 Yes
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Case studies technologies

Key messages
− Case studies with number of biofuel technologies for selected countries Brazil, Germany, Sweden and the USA

− Analysis has identified technology successes and the best policy framework conditions and measures for 
stimulating increased future markets

− Most critical factors for identifying risks in financing new production plants:

− Secured biomass supply/local feedstock availability with feedstock price

− Stability of the regulatory framework, longer perspective, binding mandates;

− CAPEX dimension & financing

− Financing of first technology type plant requires higher guaranteed biofuels price than following plants. 

− Political decisions ultimately and irrevocably determine success of biofuel production projects. 

− As technology matures after first technology type large plant biofuels regulation can gradually be shifted from 
specific to general. Biofuels quotas clearly can not support new technology and large 1st of its kind plants, 
without additional security on value of renewables.

− Key: “The biofuel must comply with existing infrastructure” >> Implying: Very complicated/costly with new 
infrastructure (example AFID in EU)
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Case studies technologies

Example Black Liquor Gasification with DME | Chemrec

The Chemrec Black Liquor Gasification process The Chemrec plant with Bio-DME plant in Piteå

Black liquor 

to gasification Gasification

Bio-DME to storage

Gas cleaning 

Gas synthesis

− Atmospheric air-blown gasification: pilot plant during 1991-1994 and, first commercial plant at 

Weyerhaeuser in New Bern, USA. 45 MWth / 47 000 h of operation between 1995 and 2008

− Pressurized, oxygen-blown gasification: pilot plant during 1995-1997 and,

first development plant 3 MWth / 30 bar / in Piteå, Sweden with >28 000 h of operation.

Syngas
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Case studies technologies

Example Black Liquor Gasification with DME | Chemrec

− Chemrec has demonstrated the world’s only black liquor gasification plant for biofuel production to bio-DME

− Planned commercial large-scale project on hold with 350 million EUR investment at Domsjö Fabriker AB for

100 000 tonnes bio-DME /140 000 tonnes bio-methanol per year from Chemrec gasification of cooking liquor.

− Detailed feasibility, budget quotes, environmental impact assessment, off-take term, EPC customary guarantees, 

− Industrial co-investors LOI with 145 million EUR pledged and EU approved 55 million EUR Swedish Energy Agency 

grant – still no go-ahead.

− Extensive technology verification with >28 000 hours of gasification operation, of which >12 000 hours methanol/bio-

DME production operation. 

− Plant taken over by LTU Green Fuels, currently on idle with previous operation in campaign and for testing. 

− Driving factors for success for a commercial plant:

− Strong, stable and long terms (beyond 2030) policies to give confidence to investors

− The key condition required is the implementation on an EU and national level of long- term (at least 15 years) 

stable directives and regulations, which impact project cash flow, such as incentives and taxes.
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Case studies technologies

Example Sunliquid® | Clariant 

The demonstration plant sunliquid ® cellulosic ethanol plant in Germany (© Clariant) The first commercial sunliquid ® cellulosic ethanol plant in Romania (© Clariant)
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Case studies technologies

Example Sunliquid® | Clariant 

− Development of cellulosic ethanol technology from research in microorganisms and enzymes and further scale-up 

of process;

− Pilot plant constructed in Planegg;

− Demonstration facility in Straubing with capacity of 1 kt/y cellulosic ethanol in operation since 2012;

− Production of enzymes on-site, test of diverse feedstocks within the demonstration facility;

− Usage of demonstration facility to train personnel;

− Completion of building first-of-a-kind in Romania in 10/2021 and commissioning;

− First production of cellulosic ethanol in 06/2022;

− Focus in selling licenses of its technology, other facilities planned in Europe and in China;

− Driving factors for success:

− Funding to projects focusing the technology development with industry/research

− Policies focused in GHG reductions targets (e.g. REDII, perspective REDIII)

− Expertise from institutions in the process development
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Case studies supply chains

Key messages

− Feedstock quality considerations, emanating from impurities and contaminants are important, yet mitigation 

methods such as feedstock blending can help deploy advanced feedstock processing systems effectively.

− Biomass harvesting and processing can be accomplished with a wide array of equipment and collection systems, 

modified foragers and/or in-field chopping can provide an effective alternative across different feedstock 

systems. 

− Torrefied biomass does behave superior to untreated densified biomass, saves energy and costs along the supply 

chain, and will open up new markets for biomass to substitute hydrocarbons and coal.

− Facilitating the shift and scale up of (advanced) biofuels from road transport to aviation and maritime sectors will 

remain a challenge, but technical innovations and economies of scale can result in substantial cost reductions. 
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Case studies supply chains

Exemplary results

− Using advanced pre-processing systems can mitigate challenges emanating from feedstock quality variability

− Removing contaminants and impurities from incoming materials is vital for downstream operations
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Case studies supply chains

Exemplary results

Torrefied biomass provides distinct advantages compared 

to untreated densified biomass and can present economic 

and environmental benefits.

Overview of chopped logistics system for biomass pre-

processing providing stable source of corn stover while 

reducing storage losses (Wendt et al. 2018).
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Synopsis

Conclusion

− Different projects investigating experiences and possible drivers and barriers for biofuels and trying to provide 

guidelines for decision makers >> Following some of them and including the results of this lessons learned study 

− Key message of almost all studies: continuously work on harmonized clear long-term policies that allow 

improvement of established biofuel options as ground base for decarbonization in transport and as urgently 

needed for a sustainable carbon neutral world R&D&D of innovations of advanced biofuels incl. hybrids with 

other renewables that are more complex and thus (usually) more cost demanding (e.g. with regard to GHG 

mitigation).

(e.g. [ADVANCEFUEL 2020], [Panoutsou 2021], [E4tech 2015], [EBTP 2015], [IRENA 2019]) 
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Synopsis

Aspects for a guideline
Challenges Especially relevant for industry Especially relevant for policy

Resource mobilisation | 
Cropping incl. soil quality and 
carbon as well as improve 
degraded land, mobilise residues 
and organic waste

Roll out of new innovations 

Show multi-purpose benefits arising from resource mobilisation for a 
(circular) bioeconomy

Definition of uniform definitions and classifications in relevant 
regulations

Monitoring of land / resource ownership and land / resource 
management 

Promotion of knowledge transfer 

Financial support for initiatives for domestic resources, innovative crop 
rotation schemes, rural land use planning

Clarity for sustainability requirements and certificates

Resource logistics | 
Infrastructure for efficient and 
timely mobilisation of resources

Improve/develop technologies for dedicated domestic resources acc. to 
their specific properties

Build up regional hubs for resource logistics

R&D&D support to improve/develop technologies for dedicated 
domestic resources acc. to their specific properties

Promotion of regional infrastructures for resource hubs

Biofuel production 
technologies | General

Appropriate feasibility studies for biofuel projects including e.g. 
technical aspects (plant design, resource and product markets and 
their development as well as impacting factors), relevant norms, 
standards, certification schemes, permitting strategy, the timeline, 
costs and environmental issues, risk management aspects, 
communication strategy around sensitive issues

Capacity building, knowledge sharing and public-private partnerships to 
accelerate progress in TRL/FRL

Knowledge sharing along the whole value chain and esp. considering 
also respective (life)time frames of the different fuel-infrastructure-
powertrain routes

Research and innovation grants to ensure continuity in funding to 
overcome technical barriers and improve innovations

Set frame for funding schemes and financial institutions to increase 
budget shares in their investment portfolios

Tailored financing mechanisms (e.g. quotas, premiums, penalties) are 
necessary to develop a secure framework to reduce capital investment 
(CAPEX) and uncertainties of production costs (OPEX)

Support R&D&D networks of industry and academia allowing to 
accelerate progress in TRL/FRL for both WTT and TTW 

Infrastructure and trade | 
Broader fuel portfolio

Active role of traders to promote different biofuel options for different 
applications 

Awareness, investments in and operation of different fuel 
infrastructures (e.g. gaseous fuels like methane and hydrogen as well 
as drop-in fuels)

Support to increase acceptance (e.g. public knowledge transfer of fuel-
powertrain routes incl. sustainability aspects)

Appropriate norms and 
standards for innovative 
technologies 

Start normalization and standardization activities in parallel to 
TRL/FRL for pilot and demonstration in order to be ready for the 
market

Support of accompanying projects to support normalization and 
standardization activities as well aspects with regard to methodologies, 
analytical requirements etc.
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