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Major world concerns today:

Environment

Energy

Social&Political issues
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Scarcity and Fossil Fuel Cost

Graph of Oil Production
Source: Colin Campbell of the Association for the Study of Peak Oil and Gas (ASPO) Newsletter as 

in Wikapedia http://en.wikipedia.org/wiki/Peak_oil
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Sustainable development:

the development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs 

(“Our Common Future” –Gro Harlem Brundtland -
Brundtland Report 1987)
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Biofuels

Biofuel is any fuel obtained from a 
biomass material(material of biological 
origin that is non fossil), as ethanol, 
biodiesel, butanol, methanol, biogas etc.. 
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The importance of Biofuels in helping to 
overcome those concerns:

• Environment- reducing the threat of climate 
change

• Energy- reducing dependence on oil.

• Social&Political issues– supply is not 
concentrated in few places; reducing poverty 
in some countries
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In response to this challenge, several 
countries and international 

organisations  launched profound 
and far reaching programs in 

renewable energy and biofuels
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Targets for 2020: 
• 20-30% GHG reduction
• 20% energy efficiency improvement
• 20% renewable energy including 10% 
biofuels 

EU Policy (Thomsen Report of September 
2007- binding, 2008):
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Source- USA EPA- 2008- Hecht
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Brazil- First Results for a 100% Ethanol-
Powered Vehicle: 1979

Source: Brazilian Ministry of Mines and Energy
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Some distinguished features of the 
biofuel issue:

1- Very large economic, social and environmental impact. 
2- Rapid paradigm shift: need fast implementation to a whole  new set of 
commodities, for worldwide use; change in production and commerce 
networks. 
3- Imply new international and national frameworks strongly tied by 
formal constrains and regulations.
4- Politically sensitive subject- conflicting interests and disputed “truths” 

5- Demand for uniformity and quality for measurements in a whole new 
set of situations, to underpin this paradigm shift. Confidence in 
measurements must arise from formal and well structured systems.

6- Deep knowledge of measurement science to support regulations and 
standardization needs, as well as new production processes.

7- Disputed opinions: importance, how quick, in what extent, for how long
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Biofuels: is the cure worse than the disease?
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Source: Institute for Research in Worlsd-Systems

A difficult problem: rapid change in a very complex network of 
interdependent economical and technical players working coherently
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A 

TP

B

C    

METROLOGY, CONFORMITY ASSESSMENT, 
STANDARDIZATION AND TECHNICAL REGULATION 

KEY ENABLERS- INFRASTRUCTURE TECHNOLOGIES 
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Biofuels and Metrology
• Structure- Excellent international 

networking; infrastructure; institutional 
recognition; 

• Focus- Formal demonstration of 
confidence in measurements; 

• Knowledge- Deep scientific knowledge 
about measurements; set of proven 
practices- calibration, traceability 
demonstration, PT, CRM,...
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Basic needs for Metrology:
1- Production 
2- Storage, transportatation and distribution
3- End-use- effects on engines environment an health
4- Regulation and Standardization
5- Quality and Conformity Assessment
6- Accreditation
7- Sincronization; harmonization of myriad of players
8- Commerce: International Articulation
9- Innovation, R&D 
10- Biofuels as starting raw material for green chemistry
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The concern with environment and the need for reliable 
Life Cycle Analysis-LCA
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Some specific needs:
1- Information about the origin, both geographical and related to 
raw materials; fundamental do comply with certain regulations. 

2- CRM development and validation. Stability is a big issue, 
especially for biodiesel.

3- P.T. and training.

4- New instrumentation development aiming at reliability, 
simplicity, portability, 

5- Deeper scientific and technological understanding to 
support: R&D, new instruments, standards, regulations and CA.

6- Measurements related to side effect of biofuels use: 
corrosion of engine parts, environmental and health effects.
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WHITE PAPER

ON

INTERNATIONALLY COMPATIBLE 
BIOFUEL

STANDARDS

TRIPARTITE TASK FORCE

BRAZIL, EUROPEAN UNION &

UNITED STATES OF AMERICA

DECEMBER 31 2007

(Criação conjunta do GT Brasil-
EUA-CE para harmonização de 

especificações para 
biocombustíveis)
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Classification of Bioethanol Specifications
Category A 

similar
Category B
significant 
differences

Category C
fundamental 
differences

color ethanol content water content*

appearance acidity

density phosphorus content

sulfate content pHe

sulfur content gum / evaporation 
residue

copper content chloride content

iron content

sodium content

electrolytic 
conductivity

* This topic is under 
discussion.  While the 

differences in water level 
allowed does not prevent 
ethanol trade, there are 
costs associated with 

additional drying
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Classification of Biodiesel Specifications
Category A 

similar
Category B
significant 
differences

Category C
fundamental 
differences

sulfated ash total glycerol content sulfur content
alkali and alkaline earth 
metal content

phosphorus content cold climate operability

free glycerol content carbon residue cetane number
copper strip corrosion ester content oxidation stability
methanol and ethanol 
content

distillation temperature mono, di-, tri-
acylglycerides

acid number flash point density
total contamination kinematic viscosity
water content and 
sediment

iodine number

linolenic acid content
polyunsaturated methyl 
ester
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INMETRO BIOFUELS PROGRAM- AIMING AT PRODUCTS,

PRODUCTION, USES AND IMPACTS:

• Conformity Assessment activities, including Certification 
schemes and 
Accreditation of labs and certification bodies

• LCA for GHG savings and related issues

• Proficiency Testings and Training

• Analytical methods and Procedures

• Support to Industry and Government

• Support to regulation

• S&T knowledge; R&D

• International cooperation

• Measurements Standards- CRM 
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Parameters for Bioethanol to be 
included in MRC

Density
Sulfate content
Sulfur content

Copper content
Iron content

Sodium content
Ethanol content

Acidity
Phosphorus content

pHe
Chloride content
Water content

As presented in 
the

White Paper
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Inmetro and NIST joint program for biofuels CRMs- ethanol 
and soy and animal fat biodiesel

Production of high-quality measurement standards
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Parameters Certified Value* Unit
Total acidity (20.5 ± 3.0) mg/L

Electrolytic Conductivity 
(electrical) at 25.0 °C

(1.71 ± 0.33) µS/cm

Density at 20.0 °C (0.79045 ± 0.00012) g/cm³
pH at 25.0 °C (7.07 ± 0.33) ---

Sulphate (0.364 ± 0.068) mg/kg
Water content (0.3648 ± 0.0059) % (mass fraction)

Ethanol content (99.57 ± 0.07) % (mass fraction)

Parameters and certified values of CRM of 
Anhydrous Bioethanol Fuel.

Expanded uncertainty (k=2, confidence level of approximately 95%).



IMEKO XIX World Congress 
Lisbon, September 9th, 2009.

Parameters and certified values of CRM of 
Soy-based biodiesel.

Expanded uncertainty (k=2, confidence level of approximately 95%).

Parameters Certified Value* Unit Observation
Hexadecanoic Acid, Methyl Ester (C16:0)

(Palmitic Acid, Methyl Ester)
(1.71 ± 0.33)

g/kg

Certified 
Values

(Z)-9-Hexadecenoic Acid, Methyl Ester (C16:1 n-7)
(Palmitoleic Acid, Methyl Ester)

(1.32 ± 0.18)

(Z)-9-Octadecenoic Acid, Methyl Ester (C18:1 n-9)
(Oleic Acid, Methyl Ester)

(233 ± 6)

(Z,Z)-9,12-Octadecadienoic Acid, Methyl Ester (C18:2 n-6)
Linoleic Acid, Methyl Ester)

(770 ± 17)

(Z,Z,Z)-9,12,15-Octadecatrienoic, Methyl Ester (C18:3 n-3)
(Linolenic Acid, Methyl Ester)

(204 ± 3)

Water (0.018 ± 0.002) % (mass 
fraction)

Density at 20 °C (0.88132 ± 0.00006) g/cm3

Kinematic Viscosity at 40 °C (4.0843 ± 0057) mm2/s
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Parameters and certified values of CRM of 
Soy-based biodiesel.

Expanded uncertainty (k=2, confidence level of approximately 95%).

Pentadecanoic Acid, Methyl Ester (C15:0) (0.104 ± 0.008)

g/kg

Reference 
values

Heptadecanoic Acid, Methyl Ester (C17:0) (1.03  ± 0.02)
Docosanoic Acid, Methyl Ester (C22:0)

(Behenic Acid, Methyl Ester)
(3.7 ± 1.1)

Acid number (0.180 ± 0.007) mg/g KOH

Oxidation Stability of Fatty Acid Methylesters at 110 
°C

(4.41 ± 0.27) g/cm3

Gross Heating Value (9465 ± 3)  cal/g

Methanol (587 ± 44) 

mg/kg

Free Glycerin (164 ± 16)

Monopalmitin (29.7 ± 2.3)

Monolein, Monolinolein, and Monolinolenin (1994 ± 98)

Diolein and Diolinolein (707 ± 31)

Triolein (241 ± 17)

Density at 25 °C (0.8776 ±0.0001) g/cm3

Kinematic Viscosity at 25 °C (5.683 ± 0.011) mm2/s

Speed of Sound at 25 °C (1467.7 ± 0.1) m/s

Parameters Certified Value* Unit Observation
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Parameters and certified values of CRM of 
Soy-based biodiesel.

Sulfur <0.5

mg/kg
Information 

Values

Sodium 0.07

Potassium <0.1

Calcium 0.5

Magnesium <0.2

Phosphorous <0.4

Iron <0.2

Copper <0.008

Monoglycerides 3620
Diglycerides 1960
Triglycerides 1230
Total Glycerin 1520
Ethanol <0,2

Parameters Certified Value* Unit Observation
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Project  BIOREMA-
CRMs with UE

Involving:

-Feasibility of the preparation of
biodiesel and bioethanol reference
materials.

-To establish the current quality of
the measurement practice in
laboratories (about 35 laboratories
around the world will participate).
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Biodiesel with guaranteed origin

milho

girassol

http://images.google.com.br/imgres?imgurl=http://www.ni-photos.jmcwd.com/jersey-cow.jpg&imgrefurl=http://www.ni-photos.jmcwd.com/cows.html&h=768&w=1024&sz=177&tbnid=eWV91DWgpRGVAM:&tbnh=113&tbnw=150&prev=/images%3Fq%3Dcow%26um%3D1&start=2&sa=X&oi=images&ct=ima
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Program to identify the composition of Biodiesel and to 
produce samples with guaranteed origin.

An ESI-MS (electrospray ionization mass spectrometry) 
technique is used giving a fingerprint for each biodiesel.



IMEKO XIX World Congress 
Lisbon, September 9th, 2009.

Development of new analytical techniques to improve identification and
characterization of biofuels

-Blends composition
-oil source origin
-contaminants identification
(SVO addition)
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SECOND GENERATION BIOFUELS

Fuels derived from cellulosic 
biomass—the fibrous, woody, and 
generally inedible portions of plant 
matter—offer one such alternative 

to conventional energy sources that 
can dramatically impact the need 

for clean fuel
Research is centered on enzymatic 
breakdown of cellulosic biomass to 
component 5- and 6-carbon sugars 
and lignin, using a combination of 

thermochemical and biological 
processes, followed by

cofermentation of sugars to 
specified endproducts such as 

ethanol.
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SUGAR CANE BAGASSE BIOMASS
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COMPLEX STRUCTURE
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Production of CRM for Sugarcane Bagasse

Raw Bagasse Maceration Dry Milling

FractionationWet MillingAutoclaving

Quantification
Powdered Sugarcane Bagasse, 

colloidal
Suitable for enzymatic assays
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• Stability 4ºC – 6 months
• Freeze
• Centrifugation
• Liophylization
• Ultrasound Sensibility



IMEKO XIX World Congress 
Lisbon, September 9th, 2009.

Reproducibility (Trichoderma)
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Conclusions
1- Biofuels are really important, at least in the short term

2- Metrology is a key enabling technology for the worldwide 
use of biofuels.

3- Excellent opportunity for metrology and metrogists

4- Wide range of demands- from very technical details to 
cutting edge scientific problems. 

5- Some relevant short term needs: CRM, PT, awareness,  work 
with regulators and SDOs, biology metrology, origin 
determination, new methods (esp. in field),…
6- Exiting time! 
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Thank you for your attention
www.inmetro.gov.br
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