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Objectives

• Provide methods for the characterisation and analysis 
of biomass liquid products from fast pyrolysis 
processes.

• Identify, recommend and disseminate methods to 
companies and institutions in order to harmonise 
methods and enable comparison of results.
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• Initiate a database containing analytical data of 
feedstocks and liquid products from fast pyrolysis 
aiming at improving the knowledge of the reasons of 
quality variations of fuels from fast pyrolysis.

• Co-operate with EUBIONET in order to provide 
EUBIONET data on important feedstock analyses to be 
standardised. 



monomers (GC-
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Percentages in fast pyrolysis liquids (average values)

Zur Anzeige wird der QuickTime™ 
Dekompressor „YUV420 codec“ 

benötigt.

Zur Anzeige wird der QuickTime™ 
Dekompressor „YUV420 codec“ 

benötigt.
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Analytical methods for characterization of pyrolysis liquids
METHODS FOR CHARACTERISATION AND ANALYSES

Liquid fuel analyses for pyrolysis

Pyrolysis liquid
Water -solubles 75-85 wt -%

- alcohols 
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- aldehydes , ketones
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Quantification of 
individual compounds
40% of the organics
Proper standard solutions have to be used with 
known amounts of compounds for quantitative 
analyses.
Fast Pyrolysis of Biomass: A Handbook. Vol. 3. A.V. 
Bridgwater (ed.). Aston University, Bio -Energy 
Research Group
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- water

Water -insolubles 15-25 wt -%

- extractives
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- lignin monomers

Solvent extraction
Amount of compound groups
100% of the organics

Combination of 
various methods
depending on the 
need

HPLC

SANS Maldi

GPC

KF



CHEMICAL COMPOSITION
Solvent fractionation + GC-MSD
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Aldehydes, ketones
Acids
'Sugars'

Substance group w% dry
Acids 3,53
Acetic acid 2,23
Formic acid 1,15
Nonaromatic Alcohols 0,17
Nonaromatic Aldehydes 12,60
Acetaldehyde, hydroxy- 12,01
Nonaromatic Ketones 3,61
Acetol (Hydroxypropanone) 2,25
Furans 1,92
Furaldehyde, 5-(hydroxymethyl)-, 2- 0,79

Acids by CEF or GC

GC (FID) - MSD
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Pine pyrolysis
liquid

Forest residue
liquid

FR top phase

Water
Extractives
LMM lignin
HMM lignin

Furaldehyde, 5-(hydroxymethyl)-, 2- 0,79
Pyrans 1,52
Pyran-4-one, 3-hydroxy-5,6-dihydro-, (4H)- 1,16
Sugars 5,64
Anhydro-ß-D-glucopyranose(Levoglucosan) 5,20
Benzenes 0
Catechols 0,03
Aromatic Aldehydes 0
Aromatic Ketones 0
Lignin derived Phenols 0,06
Guaiacols (Methoxy phenols) 2,84
Guaiacol 0,42
Vanillin 0,36
Guaiacol, 4-methyl- 0,34
Syringols (Dimethoxy phenols) 0
Total 31,4

N-Hexane solubles, identification
after derivatization by GC-MSD

WIS

Water by KF 
titration

References for chemical characterisation methods
- Pyrolysis Handbooks 1 – 3



Isolation of pyrolytic lignin
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Variations and Yields of Pyrolytic Lignin
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Yields
softwoods 15-21 wt.%
hardwoods 12-19 wt.%



Structure proposals for pyrolytic lignin

Heptamer
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Tetramer

Hexamer



Physical properties of pyrolysis liquids vs. 
mineral oils
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Analytical methods for wood-based pyrolysis liquids
��������  ����
�  �
������

 
����������	  ��75�8�
�
�  �  
�����������	  5�94�)&5�

����������  

  

2����#�����:��������������  5�#���#�0 �����
0����#���#������  


  

��������	  8��(  �  
&4������	  ��75�)��
.�  �  
�����������#������������	  &�0����� �

���#���0�������  
1 

� �*� ��� ,�� �� �� � � � �	  ���  (  

10

� �*� ��� ,�� �� �� � � � �	  ���  (  
5����������	  ;&2�����  -  
&���������#����������	  ��75�)��-.  .  
�������� �����  -��%&��
�������  ��  
"��#���� �$
���������%&'��
#��  

��75�)����  ��  

"��#���� ��,2��  <����������
=��#�,���  

�
  

)����� �$���%&'��*�+�, 
 �� � ��75�)����
  �
  
/�����0������%&  ��75�)�.
  ��  
2����0������%&  ��75�)�.(  ��  
4�������=������56+*�    
���#�����,����#�$44"'  );����.��  �1  
�������#��=��$34"'    
04  04�,����  �(  

 

References for modified 
standard and new methods 
- VTT Publications 306 and 450 
- Pyrolysis Handbooks 1 – 3



STANDARDISATION OF PYROLYSIS OIL
� 1984->

� Several IEA and EU collaboration projects set up specifications and standards for 
pyrolysis liquid use

� 2002
� CEN`s Technical Board created the working group CEN/BT/WG 149 ”Liquid and 

Gaseous Alternative Fuels” coordinated by the Swedish Standards Institute SIS. 
The aim was to collect information and setting priorities for future work on 
standards, for instance on specifications, classification systems and test methods 
for liquid and gaseous alternative fuels.

� 2005
� The results of WG 149 are included in TC 19 (CEN/TC 19 "Gaseous and liquid 

fuels, lubricants and related products of petroleum, synthetic and biological origin“) 
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fuels, lubricants and related products of petroleum, synthetic and biological origin“) 
workplan, also standardisation of pyrolysis oil in longer term. The main result of the 
work in BT/WG 149 was an overview of priorities in standardization of liquid and 
gaseous alternative fuels for the coming 5 years. 

� 2007
� ASTM Biooil Standard Initiative started by Dynamotive (Can) for TC D02, 

Petroleum products, Work Item Number 15564
� Correspondence between EU/CEN and US/ASTM has started

� 2008
� Preliminary work item (PWI) to CEN to focus on need  of standardisation of 

pyrolysis liquid in EU, cooperation with Dynamotive /ASTM, status and future 
on fuel production, fuel oil use, test methods - tec hnical report as a product



Stakeholders for bio-oil standardisation

12

PyNe
PyTec

PyTec

BTG

Dr. A Oasmaa VTT
Dr. D Meier IWC



Preliminary specifications under work item number 15564 
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What is REACH ?

REACH is the Regulation for Registration, Evaluation, 
Authorisation and Restriction of Chemicals. It entered 
into force on 1st June 2007 to streamline and improve 
the former legislative framework on chemicals of the 
European Union (EU). REACH places greater 
responsibility on industry to manage the risks that 
chemicals may pose to the health and the environment.
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• In principle REACH applies to all chemicals: not only 
chemicals used in industrial processes but also in our 
day-to-day life, for example in cleaning products, paints 
as well as in articles such as clothes, furniture and 
electrical appliances. 



Objectives of REACH

• Improve the protection of human health and the 
environment from the risks that can be posed by 
chemicals

• Enhance the competitiveness of the EU chemicals 
industry, a key sector for the economy of the EU
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industry, a key sector for the economy of the EU

• Promote alternative methods for the assessment of 
hazards of substances

• Ensure the free circulation of substances on the internal 
market of the European Union



REACH - PRE-REGISTRATION

• For REACH pyrolysis oil has to be preregistered by industry between 1.6. –
1.12.2008

• Preregistration is free 
• SIEF information exchange forum will be established
• No detailed instructions yet available, see 

http://echa.europa.eu/reach_en.html

• Data available on pyrolysis oils:
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• Data available on pyrolysis oils:
• MSDS, toxicity and ecotoxic tests, instructions for transport and storage 

http://www.pyne.co.uk/?_id=29

• Data needed on pyrolysis oils:
• Minor changes to MSDS
• Preregistration of individual compounds in pyrolysis oil? To be checked
• A Chemical Safety Assessment has to be performed for all substances 

manufactured and imported in quantities �  10 tonnes/year 

• More information: Helsinki International Congress on Chemical Safety 20-
22.5.2008, https://www.hiccs2008.eu/hiccs2008



PYNE WEBSITE ON BIOTOX
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Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 

benötigt.



Database
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Structure of Phydades database
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Example of Phydades Data Base
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Zur Anzeige wird der QuickTime™ 
Dekompressor „TIFF (LZW)“ 

benötigt.



WP2A – SUMMARY

• Workshop in Lille 2006 on analytical methods for physico-
chemical characterisation of pyrolysis oils

• Analytical data provided in ThermalNet www-pages 
http://www.pyne.co.uk/docs/WP2A%20report.pdf

Database:
• No interest/need for the database for pyrolysis oils 
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• No interest/need for the database for pyrolysis oils 
• Feedstock database Phydades under testing: 

http://p29596.typo3server.info/
• Standardisation of pyrolysis oil

• Co-operation with Dynamotive (Can) in ASTM Biooil Standard 
Initiative 

• Preliminary work item to CEN to focus on need of 
standardisation of pyrolysis oil in EU 

• REACH – preregistration within 1.6. – 1.12.2008 


