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Overview 


 Introduction – why CRM? 


 The cooperation NIST - Inmetro 


 Inmetro Biofuel Strategy 







Why Chemistry needs Metrology?? 


Yes! The chemical measurement are important. 
Measurements: 80 billions Euros or 1% of European GDP 


The Assessment of the Economic Role of Measurements and Testing in Modern Society. Survey directed by Geoffrey Williams, Pembroke 
College, Oxford, 2002 


Chemical analysis: a big business... 
Are the laboratories prepared for this task?? 


Among 5 and 30% of the chemical measurement 
results are unsatisfactory! 


Metrology in Chemistry. Current Activities and Future Requirements in Europe. 







The idea of plug and play! 


Chemical Analysis is trivial! 
 


Metrology tools are crucial!  
National Metrology Institutes 







An alternative: the use of biofuels 


Fossil Fuels 


billions of oil barrels/year 
And more: Coal, natural gas… 


The CO2 concentration  
in the atmosphere increased 35% since  


the Industrial Revolution 







PTScheme in Brazil (Inmetro-ANP) - bioethanol 







PTScheme in Brazil (Inmetro-ANP) - biodiesel 







Main Purpose of Metrology 
 


To provide confidence in measurements 


 


 


Traceability 


Use of CRM 







Ensuring Quality to the end Consumers involves 
definitions to the following questions: 


What to 
measure? 


Set  
parameters 


How much to 
measure? 


Define 
 limits 


Define 
methods 


How to 
measure? 


How to ensure 
the measured 


value? 


Prepare   
CRMs 


Organisms involved in the definitions: 
What and how much 


to measure 
How to ensure the 
measured value 


Normalization 
bodies NMIs 







CRM 


Commercial/in-
house calibrants Test methods 


Testing 


Documentary Standards 


Reliability 


Traceability Method validation 


QC 


Traceability 


Why CRM? 
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Adp. Baldan, Annarita/Biorema Project 







The road map of the development, 


preparation and certification of biofuels RM 


Cooperation Inmetro - NIST  







 
 
 
 
 
 
 


President Bush's first visit 
to Brazil. It was the launch 


of the biofuel seed. 


 
Meeting "US-Brazil 


Commercial Dialogue" 
between the Secretary 
Gutierrez (USA) and 
Minister Furlan (Br). 


Nov. 2005 


”US-Brazil Ministerial Joint Comission Meeting”. 


Jun.2006 


    


The U.S.-Brazil JCM acknowledged the long history of cooperation between the United States and 
Brazil in the area of the measurement sciences. The JCM confirmed the importance of 
cooperation in the fields of metrology and standards and welcomed the report on the activities 
agreed to by the National Institute for Standards and Technology (NIST) and the National 
Institute of Metrology, Standardization and Industrial Quality (INMETRO) under the Science 
and Technology Agreement between the Government of Brazil and the Government of the 
United States and under the U.S.-Brazil Commercial Dialogue in measurement standards. It 
noted the mutually agreed desire for future collaboration in the areas of nanoscale science, 
postdoctoral exchanges, and measurement standards in high-priority areas such as biofuels and 
nano-materials.


The JCM recognized and encouraged expanded cooperation in standards and metrology activities 
that impact innovation and competitiveness and support economic growth and development, including 
in nanotechnology and biofuels


Set. 2006 



http://www.whitehouse.gov/news/releases/2005/11/images/20051106-1_p110605pm-0150-1-515h.html





 
 
 
 
 
 
 


Second President Bush's visit to Brazil. Signed 
the "Memorandum of Understanding" on 


cooperation in the area of biofuel. 


 
 


Mar. 2007 Jul. 2007 


 
In the "Washington Symposium" was 
organized the "Tripartite Task Force" 


involving Brazil, USA and EU related to 
harmonization of quality specifications for 


biodiesel and bioethanol. 
 


Jul. 2007 Oct.2007 


In Brasilia, the second "Commercial 
Dialogue meeting" between the Secretary 
Gutierrez  and the Minister Miguel Jorge, 
INMETRO and NIST defined the agenda 


of cooperation : 







 
 
 
 
 
 
 
 
 


 
 


Oct. 2007 Jan. 2008 


1) Joint development and production of Certified Reference Materials 
– CRM´s with the main quality parameters of Regional ethanol and 


biodiesel specifications. 


2) Development and validation of a method for the biodiesel source 
identification (eg. Soy, animal fat, palm oil, castor oil etc.) based  on 


chemical fingerprint. 


3) Development of a method based on isotope ratio analysis by  mass 
spectrometry to identify the geographical origin of   biodiesel as a tool for 


the certification process. 


On January 23-24, 2008, representatives from NIST and INMETRO met to discuss the joint 
development of three biofuel CRMs in 2008.  NIST was represented by Dr. Willie E. May, 
Director of the NIST Chemical Science and Technology Laboratory (CSTL) and Dr. 
Stephen A. Wise, Chief of the Analytical Chemistry Division within CSTL.  INMETRO 
was represented by Prof. João Jornada, President INMETRO; Prof. Humberto S. Brandi, 
INMETRO Director of Scientific and Industrial Metrology; Prof. Romeu Jose Daroda, 
Biofuels Project Coordinator; and Dr. Vanderlea Souza, Head of the Chemical Metrology 
Division. 
 
Based on discussions/agreements from the January meeting, NIST and INMETRO will 
work collaboratively to produce CRMs for both bioethanol and biodiesel.  INMETRO will 
take the lead in producing a bioethanol CRM, and NIST will take the lead in producing the 
biodiesel CRMs.  INMETRO is currently preparing two candidate CRMs for bioethanol, 
anhydrous ethanol and hydrated ethanol.  NIST has prepared two candidate biodiesel 
CRMs, one material is soy-based and the other material is animal fat-based.  


 
During the meeting of the 
CCQM in Paris. NIST and 


INMETRO finalized the 
agreement for the production 


of MRC with definitions for 
quantities, packaging and 


marketing 
 


Apr. 2008 Jan. 2008 


 
 Starting at Inmetro the BioMRC Project, funded 


by FINEP. 
 


The Project Includes R & D with broad 
spectrum in biofuels, including 2nd generation 


of ethanol production by identifying enzymes for 
cellulose degradation and development of 


methodology for identifying the geographical 
origin of biofuels. 


 







NIST (U.S.), and INMETRO (Brazil) have established plans for cooperative 
development of: 
 
 
Certified Reference Materials: 
 
 -Anhydrous and Hydrated bioethanol (Inmetro) 
 -Soy and Animal-based biodiesel (NIST) 
 
-for calibrating measurement instruments to a known and internationally 
accepted reference 
-for validating the accuracy of measurement results and measurement 
platforms, space and time.  
 
Reference Measurement Methods: 
 
-Chemical pattern recognition to identify feedstock source of biodiesel (e.g. soy, 
rapeseed, animal fat)  
-Isotope metrology to distinguish between renewable/nonrenewable fuels  







 
 
 
 
 
 
 
 
 


Oct. 2008 


Start  the Project BIOREMA involving the NMIs: 
Inmetro, NIST, VSL, NPL, IRMM and LGC. 


Realization of an intercomparison with ethanol 
and biodiesel, involving 30 lab around the world. 


MRC was used for bioethanol produced by 
Inmetro biodiesel produced by NIST and 


production of a CRM from  rapeseed by IRMM. 
 
 


Nov. 2008 


During the International Conference on 
Biofuels: "Biofuels as a vector for 


sustainable development," Professor 
Jornada (President of Inmetro) delivery 
to President Lula sample of bioethanol  
Certified Reference Material produced 
by Inmetro in a partnership with NIST. 


 
 







Objective 


 Establish the preparation of bioethanol (Inmetro) and biodiesel (NIST) reference material with traceability 


 Organize a PT scheme about 30 laboratories of the world with  biofuels (bioethanol and biodiesel) samples 


certified by: 


Biofuel Reference Material (BIOREMA) Project  


Executive Summary from BIOREMA Reference Materials for Biofuel specifications 
http://www.inmetro.gov.br/painelsetorial/palestras/publishable-summary.pdf. 







 
 


 Availability of  the CRM of  biodiesel to  users, developed by NIST in partnership 
with Inmetro 


March 2009 


Inmetro, Nist  and the European Commission organized in 
Brussels the "2nd International Conference on Biofuels 


Standards". 
Objective: To discuss the harmonization of biofuel specifications 


and test methods used. 
 







Certified Reference Material for 
Biodiesel 


SRM 2772 B100 Biodiesel (Soy-based) 
-Received from a farmer-owned cooperative in 
Nebraska (US)  
-Produced from refined, bleached, and deodorized soy 
oil 
-10 mL amber ampoules evacuated with argon prior to 
filling with 10 mL of biodiesel and flame-sealing  


May, W. / NIST 
 9 FAME, water, density, 
viscosity at 40º C (Certified 
values) 
 
3 FAME, acid number, viscosity 
20 and 30º C, oxidation, gross 
heating value,, methanol, 
individual glycerides (Reference 
values) 
 
Trace elements, and summed 
glycerides (Informative values) 







 
 
 
 
 
 
 
 
 


 
 


Early  2010 


Availability of the  
CRM of 


anhydrous 
ethanol to users, 


developed by 
Inmetro in 


partnership with 
NIST. 


 
 
 


Conducting a training in bioethanol 
with representatives of NMIs from Latin 


America, Central America, the 
Caribbean and 


Africa. 
PEAAL - Standards of ethanol to Africa 


and Latin America. Conducting an 
Interlaboratory Comparison Program 


with the countries involved. 
 


July 2010 March 2010 


"3rd International Conference on Biofuels 
Standards" held in Amsterdam - Netherlands, 


along with the  Congress World Biofuels  
Markets. The Conference was organized by 


INMETRO, NIST and the European 
Commission. 


. 


Started a Cooperation Agreement with 
BAM - Germany in the area of: 


 
  Evaluation of aggressiveness of 
biofuels in metal structures and 


polymers. 
 







Certified Reference Material for 
Bioethanol  


 Acidity 
 Chloride content 
 Copper content 
 Electrolytic conductivity  
 Iron content 
 Density  
 pHe  
 Sodium content 
 Sulphate content 
 Water content  
 Ethanol content 


-Anhydrous and Hydrated from sugar cane 
-Received from a producer of São Paulo (BR)  
-20 mL amber ampoules evacuated with argon 
prior to filling with 20 mL of bioethanol and flame-
sealing  







 
 
 
 
 
 
 
 
 


 
 


Out. 2010 


Conclusion of the BIOREMA 
Project with a Workshop,  


presenting the results of the 
Interlaboratory Comparison 


Program, attended by 
representatives from 30 


laboratories around the world 
who participated in the ILC 


 


Out. 2010 


Inmetro through Dquim, participated in the 
CCQM, BIPM, as coordinator of a pilot 


comparison of bioethanol  MRC for measuring 
ethanol content   and water content. 
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CCQM-P129 Ethanol content


Mass balance 
approach 


Direct method 
(GC-FID/MS) 


QNMR Adiabatic 
calorimetry 







 
 
 
 
 
 
 


Visit of the President Obama to Brazil. In the 
MoU signed by the Presidents was 


mentioned the development of CRM for 
aviation biofuels in a joint cooperation 


Inmetro - NIST 


Marc 2011 Aug. 2011 


 
In a meeting at NIST (Inmetro-NIST) was 


defined to conduct an International 
Conference on biofuels with  a special focus 
on aviation biofuels and to develop a  CRM 


for. 


 
 
 
 
 


TODAY 
4th International Conference on Biofuels 


Standards: Current Issues, Future  Trends 


Nov. 2012 







Inmetro’s Biofuel Strategy 


Extraction 
Transesterification 


Tart 
Glycerin 


Lignin; 
Cellulose 
Alcohols 


Seeds 


LTC 


Vegetable Oil 


Emulsificants 
aditives 


Biochart, 
biooil,special 


fluids; 


Biodiesel 


Emulsificants 
Special fluids 


Aviation 
biofuel 


Total Use Strategy 



http://www.agricultureinformation.com/mag/wp-content/uploads/2009/01/mmmm.jpg

http://img1.tradeget.com/indocorporation/Y36IIVU51castor_bean_seeds.jpg





Biochar for acidity 
reduction in oil for biodiesel 


production 


**Data de análise:0051, Fri Apr 20 10:27:06 2012 (GMT-03:00)
Pesquisa/INMETRO (3º diluição)
Amostra 002/12 (carvão de Pirólise sulfonado)
Pastilha de KBr
20/04/2012
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LTC – Low Temperature Conversion  
LTC tart of Jatropha Curcas 







Technical Cooperation Inmetro – FIAT 
(February/2010) 


 
Objectives: R&D&I in biofuel and engines. 


 -Characterization of  a B20 commercial vehicle 
-Application of SVO as fuel to Diesel engines 
-Nanotechnology: application in the friction reduction 
between engine components (new materials and coating) 
 







Homepage databank of  biodiesel parameters 







Thanks for your attention! 
 
 
 


Valnei Smarçaro da Cunha 
Dquim/Dimci/Inmetro 


E-mail: vscunha@inmetro.gov.br 
Tel: (21) 2679-9069 


 


Source: Ministry of Mines and Energy 





		Slide Number 1

		Slide Number 2

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Slide Number 23

		Slide Number 24

		Slide Number 25

		Slide Number 26

		Slide Number 27

		Slide Number 28

		Slide Number 29

		Slide Number 30

		Slide Number 31






Laboratoire national de métrologie et d’essais


JRPJRP--ENG09 ENG09 


Metrology for Metrology for BiofuelsBiofuels


Paola Paola FisicaroFisicaro


paolapaola..fisicarofisicaro@@lnelne..frfr
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“Metrology for Biofuels” – context of the project 


JRP partners JRP partners 
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“Metrology for Biofuels” - Needs for the project / 1


To support the global trade of biofuels, representatives of Brazil, the EU and the U.S. agreed to 


promote, whenever possible, the compatibility of biofuels-related standards in their respective regions. 


The objective of the Task Forces was to collect and analyse existing standards on pure bioethanol and 


biodiesel developed by ABNT, ASTM and CEN. 


Since it was noted that many parameters were different, […] specific recommendations to address the 


differences were made. 
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BIOREMA


1


REference MAterials for BIOfuel specifications


Call:
� FP7 Cooperation Work Programme: 


Theme 5 / Energy
� Coordination and Support Action
� Grant agreement 219081


Duration: 24 months
Start date: 27 November 2008


“Metrology for Biofuels” - Needs for the project / 2


Contact: abaldan@vsl.nl
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BIOREMA Conclusions


• Further research is needed for a number of other parameters, e.g., 


electrolytic conductivity and pHe in bio-ethanol and glycerides in


biodiesel. Moving away from operationally defined measurands for 


these parameters, and therefore providing reliable property values 


which are traceable to the SI, is challenging. The best course of action 


for these measurands may be to establish robust standardised test 


methods with low sensitivity to variations in experimental parameters.


• The results of the ILCs show that, in general, the current practice in 


assessment of biofuels against required specifications by field 


laboratories is satisfactory. At the same time, the ILC results underpin 


the demand for certified reference materials in support of: method 


validation, quality control, and most importantly for improving the 


precision and trueness of results of test laboratories tasked with 


assessing fuel quality against specifications.


6


“Metrology for Biofuels” - Needs for the project / 3
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“Metrology for Biofuels” - Aims of the Project


To provide validated and reliable methods with clear traceability of the 


measurement results for physical and chemical parameters of liquid 


biofuels, focusing on first generation materials. 


To develop reference materials to be used as tools for method validation


and instrument calibration, covering both chemical parameters and 


physical transport properties. 


To promote the harmonization of measurement and written standards


across borders, essential for confidence in international quality assurance, 


needed to facilitate global trade.
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“Metrology for Biofuels” – structure of the project


References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis


References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis


References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis
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Methanol content
Test material C (soybean CRM)


L001
L002
L003
L004
L005
L006
L007
L008
L009
L010
L011
L012
L013
L014
L015
L016
L017
L018
L019
L020
L021
L022
L023


0.02
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 EN 14110
 NBR 15343
 Reference
 Reference ± 2u
 Not reported
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Laboratory


• p = 14 (11 used EN 14110), no 


dataset removed


• consensus value (CV) 0.051?10-2 g/g 


• reference value (RV) 0.0587?10-2 


g/g


• CV < RV


� MeOH content in CRM << 


specification limit (0.2%m/m, EN 


14214), but representative of real 


samples


� Need to provide a reference system 


to cover methanol content 


specification limit 


Chemical parameters – an example 
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EMRP Biofuels – MeOH content in FAME


• Objective: 


– Develop a reference method for Methanol 


content in biodiesel optimised for the 


specification limit of 0.20 % (m/m) 


• Method: 


– Automated Head Space GC-FID (external 


calibration)


• Work:


– EN14110 “Fat and oil derivatives – Fatty Acid 


Methyl Esters (FAME) – Determination of 


methanol content” as start approach 


– Validation study of the reference method 
10


Reference method for MetOH in FAME / 1


Contact: abaldan@vsl.nl
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References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis


References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis


References for 
chemical 


parameters (WP1)


Traceability for
quality indicators 


(WP3)


Traceability for 
origin 


discrimination 
(WP4)


� Reference materials
� Scientific publications 
� Equations of state


� Traceable reference 
values 
� Reference materials
�Certified calibrants


• Traceable measurement 
procedures for pH and 
conductivity
• Harmonisation of 
measurement procedures


Coordination and management (WP6)


References for 
physical 


parameters (WP2)


Creating impact (WP5)


Advisory group


• Validated procedures for 
isotope & organic & element 
fingerprint analysis
• Validated procedures for 
compound-specific isotope 
ration analysis







13th November 2012 114th ICBS – Gaithersburg, USA


Physical parameters – an example: 
viscosity measurements
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Very good matching!


Contact: henning.wolf@ptb.de
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Not in any case 
very good matching!
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Physical parameters – an example: 
density measurements


Contact: henning.wolf@ptb.de
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pK
ap


ethanol methanol


50 wt % 


S. Rondinini, P. Longhi, P.R. Musssini, T. Mussini, Pure&Appl. Chem, 59(12), 1693-1702, (1987)


T=25°C


The acidity measurement is a good indicator of corrosion potential of ethanol.


The measure of acidity is preferable to the total acidity since this one can over-estimate 


the contribution of weak acids (eg CO2) and/or underestimate the corrosion potential of 


low concentrations of strong acids (eg H2SO4)


Quality parameters – reference method for pHe


BUT: Lack of metrological traceability!
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pHe results 
Test material A (bioethanol)
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 ASTM D6423
 pH meter
 Unknown
 Reference
 Reference ± 2u


pH
e


Laboratory


•Seven of the thirteen laboratories have reported 


results. The visual representation includes the 


reference value which was obtained using the ASTM 


D6423 method. 


•The consensus value is 5.709, based on 7 


measurement results. 


•There is a large gap between the consensus value 


and reference value (3.543 ± 0.207)


•This effect could be explained by the difficulty in 


following closely the requirements of the ASTM 


method. The presence of non-aqueous reference 


materials for this parameter would facilitate the 


improvement of the quality of the results.


•It should be noted that pHe shall have a value 


around 6.5 according to specifications (fiscal 


reasons). Considering the reference value, the 


material should have been flagged as "non-


compliant" by the field labs. However, some of the 


laboratories would have identified the material as 


compliant.


pHe - context
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T = 25 °C


0.05 mol/kg potassium hydrogen phthalate (KHPh) is a primary pH standard in aqueous  


solution 


KHPh conserves its buffer capacity in protic solvents* � suitable as standard in water-


ethanol mixtures


* K. Izutsu, H. Yamamoto, Talanta, Vol. 47, pp. 1157-1163, (1998)


Measurement procedure was 


validated by a comparison 


measurement between 


INMETRO, LNE, PTB, NMIJ


Primary measurements of pHe


Aiming at characterising suitable calibrants: EtOH-H2O mixture (50% m/m)







13th November 2012 174th ICBS – Gaithersburg, USA


Secondary measurements of pHe


Using the current D6423 


ASTM method


Washing the glass electrode with 


ethanol prior to measurement


*R. J. C. Brown, A. C. Keates and P. J. Brewer


Sensors 2010, 10, 9982-9993.


Voltage exhibited by the glass electrode as a function of time when measuring 


ethanol containing 0.02 g/g of water


Standards requires measurement after 30 s. Standards requires measurement after 30 s.
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Rapeseed Germany Canola seed USA 


Intermediate oil 


FAMES 


Sugar beet Germany 


Bioethanol  
 


Intermediate products 
(thin and thick juices) 


Distributor: PTB Distributor: LGC 


Intermediate oil 


Biodiesel 


Soya beans Mexico 


Intermediate oil 


Biodiesel 


Intermediate oil 


Biodiesel 


Soya beans Brazil 


Distributor: LGC Distributor: LGC Distributor: LGC 


Comparison
(organic 
origin, 
production 
process) 


Elemental IR, light isotopes/compound specific IR, organic impurities for origin 
discrimination?


Traceability for origin discrimination


Type of raw material


> Soy bean (+ oil + biodiesel)


> Rapeseed (+oil + biodiesel)


Country of origin
a) Mexico, MO, USA


b) Brazil


a) Velva, ND, USA (canola species)
b) Europe


Contact: Heidi.Goenaga-Infante@LGCGroup.com
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Identification of possible biomarkers of origin discrimination by using elemental mass 


fraction ratios obtained for the comparison between different four raw materials:


Preliminary results have shown that, unlike δ13C measurements, both δ2H and δ18O 


measurements have great potential to differenciate between oils and biodiesel of 


different types of raw material and geographical origin 


Generally, δ13C and δ2H values for the oil and corresponding biodiesel agreed well but 
significant differences were observed between the δ18O values of the same pair of samples


Isotope and fingerprint analysis


Bulk δδδδ2H, δδδδ13C, δδδδ18O


> A direct correlation was observed between ratios of mass fractions found for samples


from the same kind of raw material


> An anti-correlation was observed between different raw materials (e.g. SB from 


Brazil and CS from USA).


Fingerprint analysis of inorganic elements
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Conclusions and highlights


The project will end in May 2013


Fruitful collaboration between the partners  � good outcomes of the project:


� Some methods already validated, some others under validation


� 4 peer-reviewed papers already published


� Some results presented at relevant French Standardisation committees


You are all welcome!


You are all welcome!
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Influence of the Increasing Renewable 
Energy Production on Instrumentation  
and Metrology for Oil and Gas 
 


 
Peter Ulbig, Klaus-Dieter Sommer, Stefan Sarge 
 
 


4th International Conference on Biofuel Standards, NIST 
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Outline: 
 


•  The „Energy turnaround“ in Germany 
•  Renewable Energy sources in Germany 
•  Instrumentation and Metrology for Biofuels 
•  Summary and conclusion 
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1. The „Energy turnaround“ in Germany 


„Withdrawal from   
  the nuclear phase out“ 


Autumn 2010: 
Decision of the 
German government 
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1. The „Energy turnaround“ in Germany 


Fukushima power-plant desaster 11 March 2011 







4th ICBS NIST Gaithersburg                  2012-11-13 
5 


1. The „Energy turnaround“ in Germany 


1. Three-months moratorium for discussions with experts 
2. Stress tests of all 17 German nuclear power plants 


showed bad results (13 had to be modified) 
3. 80% of the German population were in favor of nuclear 


phase out, 8 % against (opinion poll in June 2011) 


April 2011 
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1. The „Energy turnaround“ in Germany 


   Nuclear phase out 
until 2022 in Germany 
 


 How to close  
    the gap? 
 Need for more  
    renewable energy  
 Need for a fast  
    development 
 
 


Nuclear power 
plants in Germany 
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1. The „Energy turnaround“ in Germany 


= „Energy 
     turnaround“ 
     started in 
     June 2011 


(Progress?  
  For sure.) 


(Publication from 
 the German 
 ministry for econ.) 







4th ICBS NIST Gaithersburg                  2012-11-13 
8 


1. The „Energy turnaround“ in Germany 


  20 -  Reduction of the greenhous gas emissions  
        by 20 % compared to 1990 
 
  20 -  20 % increase in energy efficiency 
 
  20 -  Increase the share of renewable energy  
 sources in energy consumption by 20 %  
  (as an average) 







4th ICBS NIST Gaithersburg                  2012-11-13 
9 


Germany: 
increase from  
10.9 % (2010) to 
18 %    (2020)  
 


1. The „Energy turnaround“ in Germany 
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3. Renewable Energy sources in Germany 


http://www.erneuerbare-energien.de/english/renewable_energy/downloads/doc/44744.php 



http://www.erneuerbare-energien.de/english/renewable_energy/
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2. Renewable Energy sources in Germany 


Installed electrical power: 
(renewable) 


Biomass 
Photovoltaics 
Wind 
Hydro 


North Sea 
Baltic Sea 


380 kV power line 
planned 


(due to missing power lines 
 sometimes wind mills have 
 to be switched off!) 
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   2. Renewable Energy sources in Germany 


Study on long-term sustainable use potential  
of renewable energies: 


Electricity generation*: 17.0 %       128.3 % 
 


Heat generation*:    9.5 %         61.1 %   
 


Fuel generation*:              5.8 %         14.5 % 
 


total energy generation*:    10.9 %         69.1 % 
 
 


2010:      Potential:                 


*share with respect to corresponding consumption in 2010  


 increase of efficiency necessary by > 30 % 


power 


   to 


 fuel? 
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   3. Instrumentation and metrology for biofuels 


Wind-power line entry 


very 
strong 
wind area 


strong 
wind 
area 


sunshine 
area 


(German) gas grid 
can store chemi-
cal gas energy for 
some months;  
Grids cover Mid-
Europe very well. 
 
… and natural 
gas can be 
blended with up 
to 20% H2 
 


WINGAS 
transportation grid 


Source: Beck, EFZN            


Industrial region 


The challenge: Why not use excess wind or solar power  
by generating H2 (or CH4) and injecting it into the gas grid? 
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   2. Renewable Energy sources in Germany 


No. of plants No. of plants (proj.) installed electrical power 


No. of Biogas plants installed electrical power 


projection 


1st amendment 
energy law 


2nd amendment 
energy law 
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   2. Renewable Energy sources in Germany 


No. of plants injection capacity (m m3/year) 


Injection of biogas into the natural gas grid 
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   3. Instrumentation and metrology for biofuels 


Decentralized biogas  
injection 


 Biogas properties differ from  
 natural gas‘ properties significantly! 
 SMEs want to know the  


energy delivered, but calorific  
value is not measured everywhere 
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   3. Instrumentation and metrology for biofuels 


 Feeding/injection points    : measurement of flow, cal. value, density, 
CO2 content 


 Offtake points    : flow (and pressure) measurement 
 Each branch      : minimum one pressure measurement 
 


 Numerical calculation of the grid (geometry, topology) 
 


17 


Biogas 


Natural gas 


Hydrogen 


What mixture results? 


„grid 
   reconstruction“ 
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   3. Instrumentation and metrology for biofuels 


Conformity assessment of 
volume meters for heating oil 


Measurements of 
density and viscosity 
of blends with up to 
100 % biofuel (as f(T)) 


verification of a volume meter 
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   3. Instrumentation and metrology for biofuels 


Determining and predicting the calorific value: 
 
• data base with calorific values of biodiesels 


• raw material, processing conditions, storage conditions 
• standard enthalpies of formation of the pure compounds 
• computational chemistry  


• Calculation/prediction of thermodynamic properties 
– vapour pressure 
– standard enthalpy of formation 
– heat of combustion 


Determining the source of origin: 
 
•  Reference materials (e.g.soil samples from Brazil or 
   fuel samples from European IRMM) 
•  Isotopic analysis using MS procedures 
•  Standardized sample preparation 







4th ICBS NIST Gaithersburg                  2012-11-13 
20 


 


   4. Summary and conclusion 


Smart electr. power grid 


Natural gas grid 


Biogas 
(Methane) 


Gas power station Gas 
processing/energy 
storage as any 
chemical product 


Storage 
cavern 


Water electrolysis 
using excess 
power 


H2 injection   5 … 20 % 


Sun & 
wind 


Wind 
speed 
mech. 
stress, 
efficiency, 
spectral 
radiation 
etc. 
 
 


Efficiency, safety, 
operational conditions 


Capacity, 
leakage, 
safety 


Stability, transmission 
losses, power, power 
quality, measuring 
infrastructure etc. 


State (pressure, flow, tem-
perature, calorific value etc.) 
by reconstructing  
composition /energy 
content etc.; safety, 
measuring infrastructure,  Efficiency, operational 


conditions, safety etc. 


Energy, gas quality 
(composition), safety 


Overall efficiency: 
≤ 40 % 


Biogas 
injection 
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   4. Summary and conclusion 


1


Transport / 
Distribution


&


Consumption
(transformation
in effective and 
thermal energy)


Storage


Measurement
& Standards for:


• Improved power plant  technol.
• BioFuel properties and amounts
• Solar cells & solar-thermal conv.
• Wind energy conversion
• Next generation nuclear power 


plants
• Distributed energy harvesting Measurement


& Standards for:
• Smart electrical and gas grids
• Properties of energy gases and fuel
• Batteries and E-mobility


Measurement
& Standards for:


• Energy efficiency of  buildings
• Energy efficiency of plants and 


production processes
• Energy savings in devices and 


households
• Smart metering and billing


Production
(transformation


of primarily
available
energy)


Transport / 
Distribution


&


Consumption
(transformation
in effective and 


dissipative 
energy)


Storage
&


Mobility
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End 
This presentation is based on ideas and working results of 
many colleagues from PTB and other European NMIs; their 


contributions are appreciated very much!  
 


Thank you 
 


PTB is involved in or even coordinating  
all of the activities mentioned. 


You are invited to cooperate with us.   


  
 


klaus-dieter.sommer@ptb.de 
stefan.sarge@ptb.de 
peter.ulbig@ptb.de 


EMRP projects: see   
www.euramet.org/index.php?id=emrp 
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   3. Renewable Energy sources in Germany 
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 Sugar Cane Biomass Structure and Prospection of new 
Microoganims Producing Cellulotic Enzymes Aiming Second 


Generation Ethanol Production 
4th International Conference on Biofuels Standards:  


Current Issues, Future Trends  


  
 Wanderley de Souza 


UFRJ  - Federal University of Rio de Janeiro, Institute of Biophysics Carlos Chagas Filho 
Inmetro – National Institute of Metrology, Quality and Technology 


 
 







AIMS 
• Better characterization of the sugar cane 


structure  
• Isolation of microorganims from animal 


models (termites and snail Achatina fulica) 
that are able to degradate cellulose from 
sugar cane bagasse. 


•   Identification of fungal enzymes that play a 
key role in bioethanol production process. 















Scanning Electron Microscopy of sugar cane tissue 







Microscopy of Localization of cellulose and lignin 







2b 


2c 2d 


2e 


* 


* 


2a 


Microscopy Localization of Cellulose 
And Lignin in Sugar Cane 
 
Green – Cellulose  
Red - Lignin  







BAGAÇO 


CELULOSE % 46,6 


HEMICELULOSE % 25,2 


LIGNINA % 20,7 


Fotos: Carlos Rossel, 2004. 
D Vrije et al (2002) Int J Hydrogen Energy 
27,1381 







Entre nó 











Powdered sugarcane bagasse 


suitable for enzymatic assays of lignocellulosic enzymes 


colloidal, micrometer range 







6a 6b 


6c 


Effect of termochemical pretreatment on sugar cane structure 


A - Control 
B – Pré-treatment 
C – Particles Diameter 







7a 


7e 


7d 7c 


7b 


7f 


Effect of termochemical pretreatment on sugar cane structure 
As seen by TEM 
 
 


  
1) KMnO4   
Lignina:–electrondense 
regions 







8a 


8c 8d 


8b 


8f 8e 1µm 


Effect of termochemical 
pretreatment on sugar cane 
structure (cellulose fibers) as seen 
by Atomic Force Microscopy. Notice 
the desorganization of the fibers 
and the appearance of particles. 
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Effect of termochemical pretreatment on the cristalinity 
As seen by X-ray diffraction 
 
 
 
 







Search for microorganisms  
and enzymes that can convert  


lignocellulose biomass into 
monosaccharides 







Selection of cellulase-producing microorganisms 


Growth in in cellulose rich medium 


Limited to cultivable microorganisms 
(1%-15% of the environmental sample) 


Total potential is not being exploited  
(uncultured microorganisms) 


In many environments, about 99% of the microorganisms can not be 
cultured by standard techniques, and non-cultivated fraction includes 
various organisms which are somewhat related to the cultivatable fraction 


The traditional methodologies 







What is metagenomics? 
The term "metagenomics" was first used by Jo Handelsman, Jon Clardy, Robert M. Goodman, 
and others, and appeared for the first time in publications in 1998. 
Definition: direct genetic analysis of the genomes contained in an environmental sample 







Metagenomics 


Functional analysis and 
based on sequences of 
microbial genomes 
contained in a collective 
environmental sample 







Experimental model: 
Giant African Snail (Achatina fulica) 


Sample colect 


Crop juice Faeces 


DNA extraction 
PCR/cloning 


Achatina fulica 


A. Fulica is considered one of the most 
destructive pests affecting subtropical 
and tropical areas, causing large 
damages to farms, commercial 
plantations, and domestic gardens. It can 
also be found on trees, decaying 
materials in decomposition, and next 
to garbage deposits. 


Aims: Identification and exploitation of  the non-cultivable 
microorganisms (method based on 
16S rRNA gene sequencing); search for genes for cellulases of 
found in the intestinal tract of African Achatina fulica carmujo 











A. fulica snail 


Unshelled snail, with digestive 
juice-filled crop shown on 
detail (arrow) 


Dissected GIT showing buccal mass 
(SG), crop (C - empty) , oesophagus 
(O), stomach (S), foregut (I), digestive 
gland (DG), midgut (M) and rectum 
(R)  







Snail (A) and its crop fluid (B), feces from field (C) or reared (D) 
animals are shown. 











Crop fluid samples showed a higher abundance of 
Proteobacteria while fecal samples were dominated 
by Bacteroidetes and Firmicutes, abundant 
microorganisms in the feces of warm-blooded animals 
including humans. Within the Epsilon-proteobacteria, 
a profuse OTU with 72 sequences was related to 
Sulforospirillum spp. Interestingly, in the gutless 
marine oligochaete Olavius algarvensis, 
endosymbiotic sulphate-reducing bacteria serve as an 
energy source to the host and may participate within 
the host in the removal of the end products of 
fermentation . Other bacterial taxa closely related to 
herbivore and plant-associated bacteria included 
Clostridiaceae, Lactococcus, Bacteroides, 
Flavobacteriaceae, Mucilaginibacter, Citrobacter, 
Klebsiella, Aeromonas, Acinetobacter, Pseudomonas, 
and Comamonas 


Phylogenetic tree of bacterial clones obtained 
within the snail gut. 







Metagenomic analysis of the microbiota from the crop of an invasive snail reveals a 
rich reservoir of novel genes 
Article submitted for Plos One and accepted in september 2012 


Summary of metagenomic data obtained from the Achatina fulica crop microbiome. 







Composition of the snail microbial community analyzed 


(A) Phylogenetic diversity of metagenome sequences computed by MEGAN based on 
a BLASTX using an e-value cut-off of 1e-5 comparison for filtered (red) and non-
filtered (blue) sequences. The size of the circles is scaled logarithmically to represent 
the number of reads assigned to each taxon. (B) Bacteria, (C) Archaea, and (D) 
Eukaryota. 
 


To best of our knowledge this is the first 
report on the detection of Archaea, Fungi, 
and Viruses within the crop of a snail. 
Comparing to other metagenomes, the snail 
microbiota has high species richness 







Rarefaction curve of annotated species richness. The curves represent the 
average number of different species annotations for subsamples of the 
complete dataset calculated in MGRAST. 


Compared with other metagenomes, the snail microbiota has high species richness, 
similar to the wallaby foregut and P3 luminal fluid from termite microbiomes 


Species richness 







Functional metagenome analysis 


Subsystems-based annotation (SEED) analysis of the snail crop microbiome.  
A) Percent of genes assigned by MG-RAST to each SEED subsystem. 







A detailed analysis on the carbohydrate metabolic pathways  revealed a significant amount 
(~7.5%) of putative genes belonging to the subgroup “starch and sucrose metabolism”, including 
sequences coding for critical enzymes that cover all steps of cellulose deconstruction. 


Functional metagenome analysis 







Glycoside Hydrolases (GHs): hydrolysis and/or rearrangement of glycosidic bonds   


CAZy 
family 


Pfam 
family 


Know activities (resumo CAZy website) Reads  NR Source Organisms 


GH1 PF00232 β-glucosidase, β-galactosidase, β-mannosidase, β-glucuronidase, others 593 294 431 Proteobacteria (73%) 
GH2 PF00703 β-Galactosidase, β-mannosidase, β-glucuronidase, others 100 66 49 Bacteroidetes (49%) 
GH3 PF00933 β-glucosidase, xylan 1,4-β-xylosidase, β-N-acetylhexosaminidase, others 423 219 268 Proteobacteria (63%) 
GH4 PF02056 α-Glucosidase, α-galactosidase, α-glucuronidase, others 79 56 58 Proteobacteria (73%) 
GH5 PF00150 Chitosanase, β-mannosidase, cellulase, endo-β-1,4-xylanase, others 40 36 21 Proteobacteria (53%) 
GH6 PF01341 Endoglucanase, cellobiohydrolase 4 4 4 Actinobacteria 
GH8 PF01270 Chitosanase, cellulase, licheninase, endo-1,4-β-xylanase, others 79 46 73 Proteobacteria (92%) 
GH9 PF00759 Endoglucanase, cellobiohydrolase, β-glucosidase, others 17 15 12 Proteobacteria (71%) 


GH10 PF00331 Endo-1,4-β-xylanase, endo-1,3-β-xylanase 33 25 15 Bacteroidetes (45%) 
GH11 PF00457 Xylanase 1 1 1 Proteobacteria 
GH13 PF00128 α-amylase, pullulanase, cyclomaltodextrin glucanotransferase, others 500 251 429 Proteobacteria (86%) 
GH15 PF00723 Glucoamylase, glucodextranase, α,α-trehalase 59 23 55 Proteobacteria (93%) 


GH16 PF00722 Endo-1,3-β-glucanase, licheninase, β-agarase, xyloglucanase, others 12 12 
4 Proteobacteria (33%); 4 


Bacteroidetes (33%) 
GH17 PF00332 Glucan endo-1,3-β-glucosidase, glucan 1,3-β-glucosidase, licheninase, others 28 2 28 Proteobacteria (100%) 


GH18 PF00704 
Chitinase, endo-β-N-acetylglucosaminidase, xylanase inhibitor; concanavalin B, 


others 99 50 73 Proteobacteria (74%) 
GH19 PF00182 Chitinase, lysozyme 59 34 44 Proteobacteria (75%) 
GH20 PF00728 β-Hexosaminidase, lacto-N-biosidase, β-1,6-N-acetylglucosaminidase, others 142 108 67 Bacteroidetes (47%) 
GH24 PF00959 Lysozyme 127 56 82 Proteobacteria (64%) 
GH25 PF01183 Lysozyme 16 16 8 Proteobacteria (50%) 
GH26 PF02156 β-Mannanase, β-1,3-xylanase 12 11 9 Bacteroidetes (75%) 
GH27 PF02065 α-Galactosidase, α-N-acetylgalactosaminidase, β-L-arabinopyranosidase, others 52 32 19 Proteobacteria (36%) 
GH28 PF00295 Polygalacturonase, rhamnogalacturonase, others 101 69 55 Proteobacteria (54%) 
GH29 PF01120 α-L-Fucosidase 94 70 61 Bacteroidetes (65%) 
GH30 PF02055 Glucosylceramidase, β-1,6-glucanase, β-xylosidase, β-fucosidase, others 21 18 10 Proteobacteria (48%) 
GH31 PF01055 α-Glucosidase, α-xylosidase, α-glucan lyase, others 231 125 166 Proteobacteria (72%) 
GH32 PF00251 Invertase, endo-inulinase, endo-levanase, exo-inulinase, others 118 68 88 Proteobacteria (75%) 
GH33 PF02012 Sialidase or neuraminidase, others 0 6 
GH35 PF01301 β-Galactosidase, exo-β-glucosaminidase 38 32 29 Bacteroidetes (76%) 
GH37 PF01204 α,α-Trehalase 104 55 95 Proteobacteria (91%) 
GH38 PF01074 α-Mannosidase, mannosyl-oligosaccharide α-1,3-1,6-mannosidase, others 19 18 14 Proteobacteria (74%) 


Inventory of putative glycoside hydrolases (GHs), identified in the snail crop microbiome. 


We found a wide diversity of GH catalytic modules: 2,534 EGTs belonging to 53 different GH families, which 
indicates an abundance of potential polysaccharide and plant cell wall biomass-degrading enzymes 







Carbohydrate-Binding Modules (CBMs) : 
adhesion to carbohydrates 


We also detected a total of 458 EGTs from 11 families of non-catalytic carbohydrate-binding modules (CBMs), 
which may promote the interaction of an enzyme with its target substrate, thereby increasing the efficiency of 
catalysis. This abundance reflects a high capacity to metabolize and degrade diverse lignocellulosic substrates.  


Carbohydrate-Binding Modules (CBMs) : adhesion to 
carbohydrates 


  


  


CBM2 PF00553 CBM_2 Chitin or xylan 2 100% Proteobacteria  3 


CBM4/9/16
/22† PF02018 CBM_4_9 


Cellulose (found only in xylanases), Xylan, glucomannan, β-1,3-
glucan, β-1,3-1,4-glucan, β-1,6-glucan, amorphous cellulose 19 42% Proteobacteria  12 


CBM5/12† PF02839 CBM_5_12 Chitin 21 57% Proteobacteria  15 


CBM6 PF03422 CBM_6 
Amorphous cellulose, β-1,4-xylan, β-1,3-glucan, β-1,4-glucan, 
others 14 


43% Proteobacteria; 43% 
Bacteroidetes  13 


CBM13 PF00652 Ricin_B_lectin Xylan, mannose, galactose residues, others 10 60% Actinobacteria  13 


CBM20 PF00686 CBM_20 Granular starch, cyclodextrins 11 73% Proteobacteria  3 


CBM32 PF00754 F5_F8_type_C Galactose, lactose, polygalacturonic acid, LacNAc 72 39% Bacteroidetes  37 


CBM33 PF03067 Chitin_bind_3 Chitin, chitosan 54 94% Proteobacteria  22 


CBM34 PF02903 Alpha-amylase_N Granular starch 6 100% Proteobacteria  3 


CBM50 PF01476 LysM Chitopentaose 239 82% Proteobacteria  152 


CBM51 PF08305 NPCBM Galactose 10 80% Proteobacteria  5 


Total 458 278 







CAZy 
family 


Pfam 
family 


Know activities (resumo CAZy website) Reads (R)  (NR) Source Organisms 


GT1 PF00201 
UDP-glucuronosyltransferase, 2-hydroxyacylsphingosine, 1-β-galactosyltransferase, 


others 7 5 4 Proteobacteria (57%) 
GT7 PF02709 Lactose synthase, N-acetyllactosamine synthase, others 1 1 Unclassified 


GT8 PF01501 
Lipopolysaccharide α-1,3-galactosyltransferase, lipopolysaccharide 


glucosyltransferase 1, others 40 30 30 Proteobacteria (75%) 
GT9 PF01075 Lipopolysaccharide N-acetylglucosaminyltransferase, heptosyltransferase 267 157 243 Proteobacteria (91%) 


GT10 PF00852 Galactoside α-1,3/1,4-L-fucosyltransferase, others 4 2 
3 Unclassified (75%); 1 


Bacteroidetes 
GT11 PF01531 GDP-L-Fuc: Galactoside α-1,2-L-fucosyltransferase, others 3 2 2 Bacteroidetes 
GT17 PF04724 β-1,4-Mannosyl-glycoprotein β-1,4-N-acetylglucosaminyltransferase 1 1 1 Proteobacteria 
GT19 PF02684 Lipid-A-disaccharide synthase 158 64 145 Proteobacteria (92%) 
GT20 PF00982 α,α-Trehalose-phosphate synthase 97 62 78 Proteobacteria (80%) 


GT22 PF03901 Dol-P-Man α-mannosyltransferase 2 1 
1 Proteobacteria; 1 


Unclassified 


GT25 PF01755 
β-1,3-Glucosyltransferase, β-1,2-glucosyltransferase, β-1,2-galactosyltransferase, 


others 11 11 9 Proteobacteria (82%) 


GT26 PF03808 
UDP-ManNAcA: β-N-Acetyl mannosaminuronyltransferase, UDP-Glc: β-1,4-


glucosyltransferase, others 57 41 54 Proteobacteria (95%) 


GT28 PF04101 
1,2-diacylglycerol 3-β-galactosyltransferase, 1,2-diacylglycerol 3-β-


glucosyltransferase, others 96 45 88 Proteobacteria (92%) 
GT29 PF00777 Sialyltransferase, β-galactoside, α-2,6-sialyltransferase, others 0 1 


GT34 PF05637 
UDP-Gal: galactomannan α-1,6-galactosyltransferase,  α-1,2-galactosyltransferase, 


others 0 1 
GT35 PF00343 Glycogen or starch phosphorylase 397 133 375 Proteobacteria (95%) 
GT39 PF02366 Dol-P-Man: protein α-mannosyltransferase 72 22 70 Proteobacteria (97%) 
GT43 PF03360 Β-Glucuronyltransferase, UDP-Xyl: xylan β-1,4-xylosyltransferase 1 1 1 Unclassified 
GT48 PF02364 1,3-β-Glucan synthase 1 1 1 Ascomycota 
GT51 PF00912 Murein polymerase 405 198 358 Proteobacteria (88%) 
GT66 PF02516 Dol-PP-α-Oligosaccharide: protein β-oligosaccharyltransferase 23 3 22 Proteobacteria (96%) 
Total 1643 782 


GlycosylTransferases: the enzymes that catalyse the transfer of sugar moieties from activated donor molecules to 
specific acceptor molecules, forming glycosidic bonds 


GlycosylTransferases (GTs): formation of glycosidic bonds 







Aerobic  
30°C 
PDA 


P/S 100 U/L 
 


Mix culture 


Pure Culture 


Fungal Isolation 


Clássica: Morfológica e Bioquímica 


Molecular: 18S, 5.8S-ITS e sequenciamento 


CMC, Bagasse 
Isolation 
Characterization 
Clonning 


Isolation 
Identification 


Cellulolytic activity 



http://www.baixaki.com.br/imagens/wpapers/BXK21262_caramujo-africano800.jpg





Microscopy Culture 


Classical Identification 







TERMITS 


12 isolates 


31 isolates 


4 isolates 


2 isolates 







•  60 isolates 


Achatina fulica 







Screening of cellulolytic fungi 


Different Carbon sources, including Carboxyl methyl Cellulose (CMC) and Sugar cane 
Bagasse 


Congo Red 







Cellulolytic Activity in CMC media  







Cellulolytic Activity in CMC media  







Cellulolytic Activity in Bagasse media  







Cellulolytic Activity in Bagasse media  
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What is Biomass Pyrolysis?


Lower temperature and longer vapour 
residence times favour the production 
of charcoal. 


High temperature and longer 
residence time increase the biomass 
conversion to gas.


Moderate temperature and very short 
vapour residence time are optimum for 
producing liquids.


Pyrolysis is thermal decomposition 
occurring in the absence of oxygen


Pyrolysis in late medieval foundry processes
Georgius Agricola, De Re Metallica Libri XII, MDLVI







Fast Pyrolysis Of Biomass
Rapid (1-2 s) thermal (about 500 C) degradation of biomass 
under inert atmosphere into bio-oil as main product and into 
side-products gases, and char
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Why Fast Pyrolysis Bio-oil?


 Relatively simple process offers potentially lowest 
cost liquid bio-fuel


 Feasible at relatively small scale and readily 
integrated with existing industry


 Increased energy density
 Process is relatively feedstock insensitive
 Fluid product for easy transport, storage and 


utilization
 Potential for upgrading to higher value products







Potential Applications of Bio-oil


http://www.pyne.co.uk/







Bio-Oil: Liquid Organic Product
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Characteristics of Bio-Oil


Fast pyrolysis liquid has a higher heating value of 
about 17 MJ/kg as produced with about 25 wt% water 
that cannot readily be separated. 


The “thick, heavy” liquid widely referred to as ‘bio-oil”
is composed of a complex mixture of oxygenated 
compounds. 


Bio-oil is miscible with polar solvents such as 
methanol, acetone, etc. but totally immiscible with 
petroleum-derived fuels. 


Bio-oil exhibits ageing behaviour resulting in increased 
viscosity 







Chemical Composition of Bio-Oil


Fast pyrolysis bio-oil is comprised of 
hundreds of various compounds. The  main 
groups are:


4 – 6 wt-% carboxylic acids


15 – 20 wt-% aldehydes, ketones, furans, 
pyrans, monomeric phenols, etc.


25 – 35 wt-% carbohydrates, “sugars”


20 – 30 wt-% water


20 – 25 wt-% pyrolytic lignin, extractives, 
solids (incl. ash), polymerisation products


Energy & Fuels, 2003, vol. 17, 2, ss. 433 – 443
Energy & Fuels, 2008, vol. 22, 6, ss. 4245 – 4248







Characteristics of Bio-Oil (contd)
Physical property Typical value
Water content 20 - 40%
pH 2 - 3
Specific gravity 1.15 - 1.20
Elemental analysis C 56%


H 6%
O 38%
N 0–0.1%


HHV as produced 13 - 19 MJ/kg
Viscosity 50–150 cP
Solids 0.1 – 0.25%
Vacuum distillation residue1 up to 50%


1: If bio-oil is heated to 100ºC or more to try to remove water or distill off lighter fractions, it 
rapidly reacts and eventually produces a solid residue of around 50 wt% of the original liquid 
and some distillate containing volatile organic compounds and water







http://www.vtt.fi/inf/pdf/publications/2010/P731.pdf







Challenges
Identify the technical knowledge gaps that need to be closed order 
for industry to establish the infrastructure to address wide-spread 
utilization of pyrolysis oils:


- compatibility (blending) with existing hydrocarbon fuels
- long term storage stability
- containment, handling and corrosivity
- fouling and plugging
- burner design and combustion performance


Infrastructure-related requirements and/or regulations must also 
be addressed:


- technical standards including WHMIS issues: hazard
identification and product classification; MSDS 


- spillage and emissions monitoring/regulations


etc …







IEA Bioenergy


Task 34 Pyrolysis of Biomass


IEA Bioenergy was set up in 1978 by the International Energy Agency 
(IEA) with the aim of improving cooperation and information 
exchange between countries that have national programmes in 
bioenergy research, development and deployment.


Improve the rate of implementation and success of fast pyrolysis of 
biomass for fuels and chemicals. Programme of work which 
addresses the following priority topics:


 norms and standards; 
 analysis – methods comparison, developments;
 country updates and state-of-the-art reviews; 
 and fuels and chemicals from pyrolysis







 Task Leadership 
 U.S.A. – Doug Elliott


 National Team Leaders
 Germany: Dietrich Meier
 Finland: Anja Oasmaa
 Canada: Fernando Preto 
 UK: Tony Bridgwater 
 Netherlands: Bert van de Beld


http://www.pyne.co.uk/







Task 34 Norms and Standards
Areas of collaborative activities include:
 Refining pyrolysis oil fuel oil specifications in 


cooperation with establishing the ASTM D7544 bio-oil 
standards (Ensyn Technologies Inc played a lead role)


 Testing of analytical methods in independent 
laboratories according to ASTM/CEN directions (solids 
content has been standardised as ASTM D7579)


 CAS Registry # 1207435-39-9; CAS # defined as an “RN”
meaning that it is a defined chemical mixture, not a true 
compound; an additional physical descriptor of viscosity 
of 5-200 cSt @ 50°C was provided


 Input to the CEN and REACH process for registering bio-
oil for commercial use in Europe







Task 34 Preparation of Guidelines
Transportation, Handling and Use
 A number of MSDS for pyrolysis oils are available, 


however the experiences and claims from commercial 
producers need to be assessed and incorporated into a 
comprehensive MSDS. 


 Flammability – flash point, ignition and sustained 
combustibility


 Detailed toxicological data is required for exposure to 
liquids and vapours - acute toxicity, mutagenicity and 
ecotoxicology


 Further work is required to develop procedures for 
dealing with spills.


 Quality Control and Quality Assurance







Task 34: Round Robin(s) for Analytical Method 
Development
 15 laboratories from five participating countries
 2 bio-oils – filtered and unfiltered
 Viscosity measurement and accelerated aging tests
 Kinematic viscosity measurement was found to provide more 


consistent results compared to dynamic viscosity. 
 Application of the ageing tests was found to be highly variable 


and a more precisely defined and performed method is 
needed.


 The presence of suspended solids (char) in the bio-oil was 
found to lead to higher variability in the measurements, 
generally.


Reference:
Results of the IEA Round Robin on Viscosity and Stability of Pyrolysis Bio-oils, Energy & Fuel 26, 
3769-3776 2012
Results of the IEA Round Robin on Viscosity and Stability of Pyrolysis Bio-oils: Long-Term Tests 
and Repeatability, Energy & Fuel, in press







Stability
 Bio-oils are not as stable as conventional 


petroleum fuels
 The instability can be observed as increased 


viscosity over time, particularly when heated
 In extreme cases phase separation can occur
 Aging effects can be reduced or controlled by 


the addition of alcohols such as ethanol or 
methanol
 Aging effects are exacerbated or accelerated 


by the presence of fine char 
 Major changes in ageing happens in carbonyl 


and water insoluble fractions. Changes in 
these product groups can be used as stability 
indicators
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Diebold, J.P. A review of the chemical and physical mechanisms of 
the storage stability of fast pyrolysis bio-oils. In: Fast Pyrolysis of 
Biomass: A Handbook, Vol. 2., Bridgwater, A.V. (Ed.), CPL Press, 
Newbury, UK, 2002, 424 p.
Scholze B. 2002. Long-term Stability, Catalytic Upgrading, and 
Application of Pyrolysis Oils -Improving the Properties of a Potential 
Substitute for Fossil Fuels. Dissertation zur Erlangung des 
Doktorgrades im Fachbereich Chemie der Universität Hamburg 
vorgelegt von Britta Scholze aus Hamburg.
Oasmaa, A. 2003. Fuel oil quality properties of wood-based 
pyrolysis liquids. Academic dissertation. Jyväskylä. Department of 
Chemistry, University of Jyväskylä. 32 p. + app. 251 p.. Research 
Report Series, Report 99. Doctoral thesis 
Oasmaa, A. et al. 2010. Acidity of Biomass Fast Pyrolysis Bio-oils. 
Energy & Fuels. American Chemical Society, vol. 24, ss. 6548-6554
Oasmaa, A. et al. 1011. An approach for stability measurement of
wood-based fast pyrolysis bio-oils. Energy & Fuels. ACS 
Publications, vol. 25, 7, ss. 3307-3313







Liquid Fuels Comparison


Biodiesel


< 0.1
0.888
40.2


37.5


3.1-4.4


>130


FT Diesel Low  Sulphur # 2 fuel oil
Diesel


Water, w t% 0 0 0
Density (at 15°C), kg/dm3 0.797 0.847 0.93


HHV (MJ/kg) 45.5 45,6 44.2


LHV (MJ/kg) 43.2 42,6 41.1


Viscosity, cP (@20°C) 1.9-3.6 1,6 2.8-6.9


Flash point,  °C >62 38


Fast pyrolysis
bio-oil
25 - 30


1.15 - 1.2 
13 - 19 


11 - 17


50 - 150


Not relevant


Needs:
• New burner and fuel train designs
• Standardization of fuel properties







Pyrolysis Oil Combustion


•Numerous co-firing demonstrations
•Stand-alone firing under development







 D-7544
 This specification covers grades of pyrolysis liquid bio-fuel 


produced from biomass intended for use in various types of fuel-
burning equipment under various climatic and operating conditions. 
These grades are described as follows:


 Grade G is intended for use in industrial burners equipped to 
handle the pyrolysis liquid bio-fuels meeting the requirements listed 
for Grade G in Table 1. 


 Grade D is intended for use in commercial/industrial burners 
requiring lower solids and ash content and which are equipped to
handle the pyrolysis liquid bio-fuels meeting the requirements listed 
for Grade D in Table 1. 


 The pyrolysis liquid bio-fuel listed under in Table 1 is not intended 
for use in residential heaters, engines, or marine applications not 
modified to handle these types of fuels.







ASTM D-7544 Table 1 


Property Test Method Grade G Grade D 
Gross Heat of Combustion, MJ/kg, min D240 15 15 


Water Content, % mass, max E203 30 30 
Pyrolysis Solids Content, % mass, max D7579 2.5 0.25 


Kinematic Viscosity at 40°C, mm2/s, max D445A 125 125 
Density at 20°C, kg/dm3 D4052 1.1–1.3 1.1–1.3 


Sulfur Content, % mass, max D4294 0.05 0.05 
Ash Content, % mass, max D482 0.25 0.15 


pH. E70 Report Report 
Flash Point,°C, min D93, Procedure B 45 45 
Pour Point,°C, max D97 –9 –9 


A Without filtering. 


ASTM D-7579 Standard Test Method for Pyrolysis Solid 
Content In Pyrolysis Liquids by Filtration of Solids in Methanol







REACH


 REACH is the European Community Regulation on chemicals and 
their safe use (EC 1907/2006). It deals with the Registration, 
Evaluation, Authorisation and Restriction of Chemical 
substances. The law entered into force on 1 June 2007.


 The aim of REACH is to improve the protection of human health 
and the environment through the better and earlier identification 
of the intrinsic properties of chemical substances. 


 Manufacturers and importers are required to gather information 
on the properties of their chemical substances, which will allow
their safe handling, and to register the information in a central 
database run by the European Chemicals Agency (ECHA) in 
Helsinki. 


http://guidance.echa.europa.eu/guidance4_fi.htm







REACH: Bio-oil


 Natural substances and derived monomers and chemicals do not 
have to be registered if they have not been chemically modified 
and if they are not classified as dangerous substances. Tar is an 
example of natural substances which have to be registered even 
though it is originated from nature. 


 Task 34 consultations with Reach indicate that even though fast 
pyrolysis liquid is not tar and can be characterized as a collection 
of monomers derived from natural substances it most probably 
has to be registered.


 Registration under REACH has to be made if bio-oil is produced 
or imported to the EU. 







CEN


 The European Committee for Standardization (CEN) 
was officially created as an international non-profit 
association based in Brussels on 30 October 1975.


 CEN is a business facilitator in Europe, removing 
trade barriers for European industry and consumers. 


 Its mission is to foster the European economy in 
global trading, the welfare of European citizens and 
the environment. Through its services it provides a 
platform for the development of European Standards 
and other technical specifications.







Task 34:2012 Mandate for CEN/TC 19


European Standard for a quality specification for
pyrolysis oil:
A. Replacing heavy fuel oil in boilers
B. Replacing light fuel oil in boilers
C. Replacing fuel oils in internal combustion engines
D. Suitable for gasification feedstock for production of 


syngas and synthetic bio-fuels
E. Quality specification for pyrolysis oil suitable for 


mineral oil refinery co-processing







As bio-oil becomes more widely available, Task 34 will continue to 
participate in development of analytical methods and implementation 
of standard methods, particularly assessing the most suitable test 
methods for specifications.
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