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VTT’s expertise on norms and standards for FPBOs
▪ Development of analytical methods

• Properties and fuel use of biomass-derived fast pyrolysis liquids: A guide. Oasmaa, A. & Peacocke, C., 2010, Espoo: (VTT Publications; No. 731

• Development of the basis for an analytical protocol for feeds and products of bio-oil hydrotreatment. Oasmaa, A., Kuoppala, E. & Elliott, D. C., 

2012, In: Energy & Fuels. 26, 4, p. 2454-2460.

• A guide to physical property characterisation of biomass-derived fast pyrolysis liquids. Oasmaa, A. & Peacocke, C., 2001, 65 p. (VTT 

Publications; No. 450).

• Evaluation of Analysis Methods for Formaldehyde, Acetaldehyde, and Furfural from Fast Pyrolysis Bio-oil. Ohra-Aho, T., Rohrbach, L., 

Winkelman, J. G. M., Heeres, H. J., Mikkelson, A., Oasmaa, A., van de Beld, B., Leijenhorst, E. J. & Heeres, H., 18 Nov 2021, In: Energy & Fuels. 

35, 22, p. 18583−18591

• Historical Review on VTT Fast Pyrolysis Bio-oil Production and Upgrading. Oasmaa, A., Lehto, J., Solantausta, Y. & Kallio, S., 2021, In: Energy & 

Fuels. 35, 7, p. 5683−5695

▪ Validation of methods
• Results of the International Energy Agency Bioenergy Round Robin on the Analysis of Heteroatoms in Biomass Liquefaction Oils. Bulsink, P., De 

Miguel Mercader, F., Sandström, L., Van De Beld, B., Preto, F., Zacher, A., Oasmaa, A., Dahmen, N., Funke, A. & Bronson, B., 17 Sep 2020, In: 

Energy & Fuels. 34, 9, p. 11123–11133

• Results of the IEA round robin on viscosity and aging of fast pyrolysis bio-oils: Long-Term tests and repeatability. Elliott, D. C., Oasmaa, A., 

Meier, D., Preto, F. & Bridgwater, A. V., 20 Dec 2012, In: Energy & Fuels. 26, 12, p. 7362-7366 5 p.

• Results of the IEA round robin on viscosity and stability of fast pyrolysis bio-oils. Elliott, D. C., Oasmaa, A., Preto, F., Meier, D. & Bridgwater, A. 

V., 21 Jun 2012, In: Energy & Fuels. 26, 6, p. 3769-3776 8 p.

• Discussion on the analyses used in IEA Round Robin 2011. Oasmaa, A. & Elliott, D., 2011, In: PyNe: Pyrolysis Network. 30, p. 14-15

• Norms and standards for fast pyrolysis liquids: 1.Round robin test. Oasmaa,A.&Meier,D.,2005, J of Anal.and Applied Pyrolysis. 73,2, p.323 - 334

▪ Standardisation
• Norms, standards, and legislation for fast pyrolysis bio-oils from lignocellulosic biomass. Oasmaa, A., van de Beld, B., Saari, P., Elliott, D. C. & 

Solantausta, Y., 2015, In: Energy & Fuels. 29, 4, p. 2471-2484.

• Guidelines for transportation, handling, and use of fast pyrolysis bio-oil: 1. Flammability and toxicity. Oasmaa, A., Källi, A., Lindfors, C., Elliott, D. 

C., Springer, D., Peacocke, C. & Chiaramonti, D., 21 Jun 2012, In: Energy & Fuels. 26, 6, p. 3864-3873 10 p.

• Norms and Standards. Oasmaa,A. & Meier,D.,2009, Thermal Biomass Conversion. Bridgwater,A.V.,Hofbauer,H.&Van Loo, S.(eds.).UK, p. 79-93



VTT’s expertise on sustainable marine fuels

▪ E-fuels: Power-to-X fossil-free chains to convert CO2 and 

hydrogen to transport fuels

• VTT leads ”E-fuel” project of 14 industrial partners

▪ Develop feasible and sustainable production of biomass 

and waste-derived liquid fuels

• VTT leads industrial consortium of “Bioflex”  and “CaSH

(Catalytic Slurry Hydrotreatment)” projects

• Pyrolysis bio-oil pathway and waste-derived fuels

▪ VTT works also on marine fuels from oils and fats (e.g., 

hydrotreatment), renewable methanol with ignition improver, 

LNG and LPG type fuels. 

https://www.e-fuel.fi/

Bioflex (bioflexfuel.fi)

Alternative and renewable fuels

https://www.bioflexfuel.fi/
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 Shipping is facing major challenges. The target set by the International 

Maritime Organization (IMO) is to reduce the total annual GHG emissions by 

at least 50% by 2050 compared to 2008. Liquid biofuels have an important 

role when reaching out for that target.

 For aviation, liquid fuels are needed for the foreseeable future. International 

Air Transport Association (IATA) has determined in its Sustainable 

Alternative Jet Fuels Strategy that GHG emissions of aviation should be 

reduced by 50% by 2050 compared to 2005 level. According to the 

ReFuelEU Aviation initiative by European Commission, the minimum share 

of biofuels in jet fuel mix should be 4.3% (volume basis) in 2030 and 35% in 

2050.

➢Liquid biofuels are needed for marine and aviation sector

Introduction / Need



Existing standards 
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Raw material FPBO
Marine and/or

aviation fuel

ISO 17225-1:2021 Solid

biofuels

• Standard under

updating

REDII directive

• Sustainable 

requirements for 

feedstock of liquid

biofuels

EN 16900:2017 

• for boilers

≥ 1 MW thermal capacity

for industrial use

CEN/TR 17103:2017

• for stationary internal combustion

engines

EN 304:2018 Heating boilers

Ecodesign Directive 2009/125/EC

MCPD, Medium combustion plant

directive 2015/2193 (1 – 50 MW)

ISO8217:2017

• For residual marine (RM) fuels

(e.g., RMA and RMB) and distillate

marine (DM) fuels (e.g. DMA, 

DMB).

ASTM D7566

• Standard Specification for Aviation

Turbine Fuel Containing

Synthesized Hydrocarbons

ASTM D1655

• An American National Standard 

Specification for Aviation Turbine

Fuels

Upgraded

FPBO

The route from FPBO 

via upgrading has 

not yet validated 

and listed in 

Annexes of 

standards. 



Standardisation of FPBO as fuel
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Fast pyrolysis bio-oil (FPBO)

https://www.ieabioenergy.com/blog/task/pyrolysis-of-biomass/

https://task34.ieabioenergy.com/newsletters/

https://www.ieabioenergy.com/blog/publications/biomass-pyrolysis/

Properties and fuel use of biomass-derived fast pyrolysis liquids: A guide. Oasmaa, A. & Peacocke, 

C., 2010, Espoo: VTT Technical Research Centre of Finland. 79 p. (VTT Publications; No. 731). 

https://publications.vtt.fi/pdf/publications/2010/P731.pdf

 FPBO is a mixture of many components and not

uniquely defined. IEA Bioenergy Task 34 on pyrolysis

suggested the following definition for fast pyrolysis bio-

oil: “Bio oil is a complex mixture of, for the most part; 

oxygenated hydrocarbon fragments derived from the

biopolymer structures. It typically contains 15–30 wt % 

water. Common organic components include acetic

acid, methanol, aldehydes and ketones, 

cyclopentenones, furans, alkyl-phenols, alkylmethoxy-

phenols, anhydrosugars, and oligomeric sugars and 

water-insoluble lignin-derived compounds. Nitrogen-

and sulfur-containing compounds are also sometimes

found depending on the biomass source.” 

 FPBO is registered with the Chemical Abstracts Service 

(CAS) as CAS Registry Number 1207435-39-9.

 Water in the FPBO is a sum of moisture in the

feedstock and water formed during pyrolysis

 The amount of pyrolysis water is affected by the

ash (K) content of feedstock. Higher ash content

yields to higher amount of pyrolysis water and 

lower amounts of organics.

Fast Pyrolysis Bio-Oils from Wood and Agricultural Residues.  

Oasmaa, A., Solantausta, Y., Arpiainen, V., Kuoppala, E. & Sipilä, K., 

2010, In: Energy & Fuels. 24, 2, p. 1380-1388 9 p.

https://www.ieabioenergy.com/blog/publications/biomass-pyrolysis/
https://www.ieabioenergy.com/blog/publications/biomass-pyrolysis/
https://www.ieabioenergy.com/blog/publications/biomass-pyrolysis/
https://publications.vtt.fi/pdf/publications/2010/P731.pdf


 European Commission gave a mandate M/525 in 2014 to produce 

standards:
a. A European Standard for a quality specification for pyrolysis oil replacing 

heavy fuel oil in boilers.

b. A European Standard for a quality specification for pyrolysis oil replacing light 

fuel oil in boilers.

c. A Technical Specification for a quality specification 

for pyrolysis oil replacing fuel oils in stationary internal combustion engines

d. A Technical Specification for a quality specification for pyrolysis oil suitable for 

gasification feedstock for production for production of syngas and synthetic 

biofuels

e. A Technical Specification for a quality specification for pyrolysis oil suitable for 

mineral oil refinery co-processing

➢ EN 16900:2017 Fast pyrolysis bio-oils for industrial boilers -

Requirements and test methods

➢ CEN/TR 17103:2017 Fast pyrolysis bio-oils for stationary internal 

combustion engines – Quality determination

Mandate M/525 for FPBO

EN 16900

CEN/TR 17103
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 More validation is needed for determination of

• low amounts of ash, alkali metals, and metals,

• S, and Cl,

• low amounts of N

 All analytical test methods in fuel specifications 

must be adapted and validated with commercially 

relevant bio-oil products

FPBO properties and 
suitable test methods for EN 
16900

Norms, standards, and legislation for fast pyrolysis bio-oils from lignocellulosic biomass. 

Anja Oasmaa, Bert van de Beld, Pia Saari, Douglas C. Elliott, 

Yrjö Solantausta, 2015, In: Energy & Fuels. 29, 4, p. 2471-

2484, 10.1021/acs.energyfuels.5b00026

Results of the International Energy Agency Bioenergy Round Robin on the Analysis of 

Heteroatoms in Biomass Liquefaction Oils. Bulsink, P., De Miguel Mercader, F., 

Sandström, L., Van De Beld, B., Preto, F., Zacher, A., Oasmaa, A., Dahmen, N., Funke, A. 

& Bronson, B., 17 Sep 2020, In: Energy & Fuels. 34, 9, p. 11123–11133

Properties and fuel use of biomass-derived fast pyrolysis liquids: A guide. Oasmaa, A. & 

Peacocke, C., 2010, Espoo: VTT Technical Research Centre of Finland. 79 p. (VTT 

Publications; No. 731).

https://cris.vtt.fi/en/persons/anja-oasmaa/publications/
https://doi.org/10.1021/acs.energyfuels.5b00026
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 FPBO is not yet commercialized for stationary internal combustion 

engines (ICE) and there is not enough data on the properties for FPBO 

for ICE use and parameters to determine combustion properties are not 

fully understood. 

 Also, the long-duration tests in ICE have not yet been carried out.

 Only TR published including proposed general requirements of FPBO 

quality.

CEN/TR 17103:2017 for IC engines



Upgrading of FPBO
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Standardisation of upgraded
FPBO as marine or aviation fuel
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 Lower heating value (LHV), total acid number (TAN), ignition properties (by AFIDA), flash 

point, lubricity and viscosity are prioritized when evaluating the suitability of upgraded 

FPBO for marine diesel engines.

 Low sulphur and ash contents of product reduce SOx and PM emissions.

 Flash point of deoxygenated FPBO is too low – for marine fuels minimum allowed FP 60 

°C, except 43 °C for DMX (ISO 8178:2017)

 Acidity is decreased – target max. 0.5 mg KOH/g?

 How much oxygen can be tolerated in the target application?

 Needed viscosity range? Wide range of viscosities specified in ISO 8178 for RM 

(residual marine) and DM (distillate marine) categories of marine fuels

 Needed distillation range?

 Water solubility limit?

 Many fuel properties, and suitable analysis methods, need to be known and considered.

Research questions – specifications for marine fuels



29/11/2022 VTT – beyond the obvious

 The target to manufacture JET A-1 fuel component fulfilling standard for 

synthetic jet fuel could be 50 % blend in fossil JET A-1?

 In addition to deoxygenation (HDO) to achieve oxygen content < 1% and 

acidity < 0.1 mg KOH/g, distillation of light end of the product is needed to 

meet the targeted boiling point range and to adjust the flash point to meet 

the specification (min. 38 °C).

 Different commercial additives are applied (e.g., lubricity, oxidation inhibitor) 

to fulfil the standard.

 Low sulphur and ash contents of products reduce SOx and PM emissions.

 Many fuel properties, and suitable analysis methods, need to be known and 

considered.

Research questions – specifications for aviation fuels
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 WG41 didn´t support to develop standard for FPBO for small-scale 

boilers due to lack of company interest, which is mainly due to lack of 

comprehensive research data.

 WG41 is not currently active, no any work items.

 NEN (Dutch standardisation organisation) has applied for an EC call for 

pre-normative research regarding the use of bio-oil in co-processing 

(mandate item e). 

Status of FPBO standardisation



Conclusions
▪ Need for liquid biofuels for marine and aviation sectors

▪ Fast pyrolysis bio-oil is one potential alternative

▪ The overall FPBO production capacity was about 180,000 tonnes in 2021 

which is not yet exploited in marine or aviation sectors

▪ Some of the fuel properties are challenging. Comprehensive research data 

is needed for standardisation. At the first step standardisation is needed for 

industry developing FPBO and related equipment.

▪ Need to develop i) standardised methods for FPBO, and/or upgraded 

FPBO, ii) integration with mineral oil standards, iii) inter-laboratory survey 

(ILS) to be carried out, iv) limit values for target use

▪ The routes from FPBO via upgrading to be validated and listed in Annexes 

of standards. 
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BioFlex 2020-2023

Production of sustainable storable liquid 

fuels for flexible power generation and 

marine transport

Alternative and renewable fuels



▪ Novel flexible and feasible concept for 

sustainable production of adequate and 

uniform quality liquid fuels for diesel engines

▪ Need to limit GHG emissions - fossil fuels to be replaced with low-

carbon sustainable fuels

▪ Need for flexible bioenergy to balance variable renewable energy

▪ Need for low-S liquid fuels

▪ Need to demonstrate the applicability of bio oils for marine and 

stationary diesel engines for power generation

▪ Need for uniform quality of bio oils

▪ Develop concept for a step-wise (decrease gradually the share of fossil 

fuels) approach for feasible and sustainable production of biomass and 

waste-derived liquid fuels for large diesel engines

▪ Develop liquid fuels with adequate and uniform quality and low emissions

▪ Prepare data for future fuel specifications, and the methodology towards 

standardization, and REACH
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BioFlex - Production of sustainable storable liquid fuels
for flexible power generation and marine transport

CHALLENGE

SOLUTION

BENEFIT

Alternative and renewable fuels


