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Metrology Challenges for Biofuels

—_— Joao Jornada —

President of Inmetro- Brazil



IMEKO XIX World Congress

. ~N _ Ministério do o€
Lisbon, September 9th, 2009. Lss’ Bt o i !,,l ,,

oooooo
EEEEEEEEEEEEEE

Major world concerns today:

Environment

Energy

Social&Political issues
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G8+5 Academies’ joint statement:
Climate change and the transformation of energy
technologies for a low carbon future

Climate change and sustainable energy supply are Critical research areas include: increasing the resilience
crucial challenges for the future of humanity. It is of urban and rural infrastructure and of natural areas
essential that world leaders agree on the emission (including watersheds and coastal areas); enhancing
reductions needed to combat negative consequences food and crop production; and water conservation

of anthropogenic climate change at the UNFCCC technologies and methods.

negotiations in Copenhagen in December 20009,
At the same time, agreement is needed on actions
to ensure basic energy services are available to all of The energy agenda

the world's people. Fossil fuel sources remain the predominant energy source

These global challenges require solutions flexible and for the near future in reducing energy poverty and
varied enough to meet the needs of a wide variety satisfying growing energy demand, and their exploitation
of specific energy resources and energy security must be consistent with the objective of reducing
circumstances. anthropogenic impact on climate change. Continuous

improvement in efficiency and emission standards are
needed in the production and use of fossil fuels.

Reducmg the human forcmg of Economically viable low carbon energy technologies may
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rapidly increased adoption of, and investment in,
renewable energy technologies such as wind,
geothermal, solar energy, biofuels and wave power.
The development of standards and certification for the
environmentally sustainable implementation of these
technologies is essential;

rapid and wide-spread energy conservation measures
particularly for industry, transport, and building design,
construction and operation. This will require the
development and implementation of existing and new
technologies, policy tools, monitoring and certification
processes, and public education. Energy saving and
energy efficiency should be a critical priority in the
short term;
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collaborate in the implementation of low carbon
and climate-resilient infrastructure and technologies,
and in the implementation of innovative incentives,
through the use of economic and regulatory
instruments, to accelerate adoption of clean
“green” technologies;
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Scarcity and Fossil Fuel Cost
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Graph of Oil Production
Source: Colin Campbell of the Association for the Study of Peak Oil and Gas (ASPQO) Newsletter as
in Wikapedia http://en.wikipedia.org/wiki/Peak_oil
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Chart 1.1g: World Proved Oil Reserves

Middle East
North America
Central and South America
Africa

Eurasia World Total:

1,293 Billion Barrels
Asia
Europe
0 200 400 <00 800
Billion Barrels

Source: “Worldwide Look at Reserves and Production,” Oil & Gas Joirnal, Vol.
103, No. 47 (December 19, 2005), pp. 24-25.
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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)



IMEKO XIX World Congress inistér .
. -‘- ) MIF‘IISter’O ::{o » 2
Lisbon, September 9th, 2009. A.ssf Bt o i E.,l

EEEEEEEEEEEEEE

Biofuels

Biofuel 1s 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 oll.
e Social&Political issues— supply is not

concentrated in few places; reducing poverty
In some countries
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Consumo Primario de Energia nos EUA

Percent Fercent
of Source of Sector

Transportation
21.7

Industrial’
22 1

Residental
Commerci
111

FONTE: US ENERGY INFORMATION ADMINISTRATION
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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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EU Policy (Thomsen Report of September
2007- binding, 2008):

Targets for 2020:
¢ 20-30% GHG reduction
« 20% energy efficiency improvement

e 20% renewable energy including 10%
biofuels
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Energy Independence & Security Act 2007

Type of Fuel BGY
Total Renewable Fuels by 2022 36 BGY
Corn Ethanol (Capped at 15 BGY) 15 BGY

Advanced Biofuels — Includes imported biofuels and biodiesel.
Includes | billion gpy biodiesel starting in 2009

All must achieve = 50% reduction of GIHG emissions from
baseline™

21

Cellulosic Fuels — Includes cellulosic ethanol, biobutanol, green
diesel. green gasoline

All must achieve >60% reduction of GHG emissions from
baseline™

16

Baseline = average lifecyele GHG emissions as determined by EPA Administrator for gasoline or diesel (whichever is

being replaced by the renewable fuel) sold or distributed as transportation fuel in 2008
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Brazil- First Results for a 100% Ethanol-

Powered Vehicle: 1979
First Results for a 100% Ethanol Vehicle: 1979

P
AL,

1979: Manufacturers begin to sell
100% Ethanol Vehicle

TE FIaT 4 ALCOOL

1 atinge a velocidade maxima de 142 km/hora

JOMo anNda Um carrs Movieo ape-
a dlcool? Para responder a essa .
junta, Quetro Rodas testou com  [FERL
usividade um Fiat @ dlcool produ-

April, 1979:
Publication in a
technical magazine of
the first test-drive of a
100% ethanol vehicle

na fibrca da Betim, Minas Ge-
. 8 j na sus versdo praticemente
nitiva.
i, antre o4 resuliados slcancados
‘este, destacam-se o desempenho
1o bom, superior 8o dos modslos
série |epenss o esportivo Rallye FEEED
, &M Blguna pontos, Mercas um =
oo SupErigrEs, MAs, Ao conjunto,
& para o modelo & dlcooll, o con-
1o bem mais elevado & & dtma di-
sifidade.

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: i1s the cure worse than the disease?
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V" OECD slams biofuls subsides
for sparking food price inflation
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A difficult problem: rapid change in a very complex network of

Interdependent economical and technical players working coherently
DEr

Wmm—

TA

Source: Institute for Research in Worlsd-Systems
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KEY ENABLERS- INFRASTRUCTURE TECHNOLOGIES

METROLOGY, CONFORMITY ASSESSMENT,
STANDARDIZATION AND TECHNICAL REGULATION
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Biofuels and Metrology

o Structure- Excellent international
networking; infrastructure; institutional
recognition;

e 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

/- 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

Climate Change mitigation potential

Well-to-wheel emission reductions

Sugar beet, EU _

Sugar cane, Brazil | 1
Wheat, EU | _
Corn, US | _ |

Rapeseed, EU | E 3

Second generation | _
0 ZID 4ID GID BID 100
ource: IEA

% reduction, compared to petroleum gasoline

November 28, 2007 TWWE Semuinar “biofuels and OECD << . OCDE
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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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Measurement and Standards
for Biofuels: Enabling a
Transition from Petroleum as
a Vehicular Energy Source

gymposium on Biofuejg

Measurements and Standards to Facilitate the
Transition to a Global Commodity

Hosted by:
the US National Institute of Standards and Technology (NIST)
and
Brazil's National Institute of Metrology, Standardization and
Industrial Quality (INMETRO)

in conjunction with the
11th Annual Green Chemistry & Engineering Conference:
From Small Steps to Giant Leaps — Breakthrough Innovations
for Sustainability
Capital Hilton in Washington, DC
June 26-29, 2007
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WHITE PAPER
ON

INTERNATIONALLY COMPATIBLE
BIOFUEL

STANDARDS
TRIPARTITE TASK FORCE
BRAZIL, EUROPEAN UNION &
UNITED STATES OF AMERICA
DECEMBER 31 2007

(Criacao conjunta do GT Brasil-
EUA-CE para harmonizacao de
especificacbes para
biocombustiveis)
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Classification of Bioethanol Specifications

Category A Category B Category C
similar significant fundamental
differences differences
color ethanol content water content*
appearance acidity * This topic is under
density phosphorus content SIS, BT Ui

sulfate content

pHe

sulfur content

gum / evaporation
residue

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

copper content

chloride content

iron content

sodium content

electrolytic
conductivity
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Classification of Biodiesel Specifications

Category A Category B Category C
similar significant fundamental
differences differences
sulfated ash total glycerol content sulfur content
alkali and alkaline earth | phosphorus content cold climate operability
metal content
free glycerol content carbon residue cetane number
copper strip corrosion ester content oxidation stability
methanol and ethanol distillation temperature mono, di-, tri-
content acylglycerides
acid number flash point density
total contamination kinematic viscosity
water content and lodine number
sediment

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

e 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

l[ron content

AS presented in Sodium content
Ethanol content
the
Acidity
White Paper Phosphorus content
pHe

Chloride content
Water content
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Production of high-quality measurement standards

Inmetro and NIST joint program for biofuels CRMs- ethanol
and soy and animal fat biodiesel
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Parameters and certified values of CRM of
Anhydrous Bioethanol Fuel.

Parameters Certified Value* Unit
Total acidity (20.5 = 3.0) mg/L
Electrolytic Conductivity (1.71 £0.33) pnS/cm
(electrical)at 25.0° C
Density at 20.0° C (0.79045 + 0.00012) g/lem3
pHat25.0° 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)

Expanded uncertainty (k=2, confidence level of approximately 95%).
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Parameters and certified values of CRM of
Soy-based biodiesel.

Parameters Certified Value* Unit Observation
Hexadecanoic Acid, Methyl Ester (C16:0) (1.71 £ 0.33) Certified
(Palmitic Acid, Methyl Ester) Values
(2)-9-Hexadecenoic Acid, Methyl Ester (C16:1 n-7) (1.32 £0.18)
(Palmitoleic Acid, Methyl Ester)
(2)-9-Octadecenoic Acid, Methyl Ester (C18:1 n-9) (233 £ 6)
(Oleic Acid, Methyl Ester) g/kg
(Z,2)-9,12-Octadecadienoic Acid, Methyl Ester (C18:2 n-6) (770 £17)
Linoleic Acid, Methyl Ester)
(Z,2,2)-9,12,15-Octadecatrienoic, Methyl Ester (C18:3 n-3) (204 £ 3)
(Linolenic Acid, Methyl Ester)
Water (0.018 £ 0.002) % (mass
fraction)
Density at 20° C (0.88132 =% 0.00006) g/cm?3
Kinematic Viscosity at 40° C (4.0843 £ 0057) mm?/s

Expanded uncertainty (k=2, confidence level of approximately 95%).
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Parameters and certified values of CRM of
Soy-based biodiesel.

Parameters Certified Value* Unit Observation
Pentadecanoic Acid, Methyl Ester (C15:0) (0.104 = 0.008)
Heptadecanoic Acid, Methyl Ester (C17:0) (1.03 = 0.02)
Docosanoic Acid, Methyl Ester (C22:0) (3.7 £ 1.1) alkg
(Behenic Acid, Methyl Ester)
Acid number (0.180 * 0.007) mg/g KOH
Oxidation Stability of Fatty Acid Methylesters at 110 (4.41 = 0.27) g/cm3
> e
Gross Heating Value (9465 + 3) cal/g Reference
Methanol (587 * 44) values
Free Glycerin (164 * 16)
Monopalmitin (29.7 £+ 2.3)
Monolein, Monolinolein, and Monolinolenin (1994 + 98) me/ke
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) mm?/s
Spephafeduittar#int(k=2. confidence lev&1487 dpp®kimately 9%6%).
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Parameters and certified values of CRM of
Soy-based biodiesel.

Parameters Certified Value* Unit Observation
Sulfur <0.5
Sodium 0.07
Potassium <0.1
Calcium 0.5
Magnesium <0.2
Phosphorous <0.4 .
Information
Iron <0.2 mg/kg
Values
Copper <0.008
Monoglycerides 3620
Diglycerides 1960
Triglycerides 1230
Total Glycerin 1520
Ethanol <0,2
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Certificate of Analysis
Standard Reference Material® 2772

B100 Biodiesel (Soy-Based)

Standard Reference Material (SRM) 2772 is a commercial 100% biodiesel produced from soy. SRM 2772 is intended
for use in evaluating analytical methods for the determination of selected chemical and physical properties in pure
biodiesel (B100). A unit of SRM 2772 consists of five 10-mL ampoules. each containing approximately 10 mL of
biodiesel.

The development of SRM 2772 was a collaboration between the National Institute of Standards and Technology (NIST).
USA and the National Institute of Metrology. Standardization. and Industrial Quality (INMETRO). Brazil.

Certified Concentration Values: Certified values for concentrations, expressed as mass fractions, for nine fatty acid
methyl esters and water are provided in Tables 1 and 2. respectively. Certified values for density at 20 °C and kinematic
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Certificado de Material
de Referencia

Item Identification
Item: Anhydrous Bioethanol Fuel
Certificatory Institutes: National Institute of Metrology, Standardization and Industrial Quality = Inmetro

National Institute of Standards and Technology — NIST

Identification Code: CRM 06.3/09-0001 Service Code:

Administrative Information concerning Reference Material Certification

Inmetro Register: No applied Certification Date: May, 12" 2009
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Reference Materials
for Biofuel
Specifications

BIOREMA

Wilthin tha framawark of an EC funded project with the acronym
BIOREM:, REference Materials for BICTusl spacifications, possibia
rafarence materiale for Blosthanol snd Blodlessl are being
Investigated. Tha aim of this project is to demonstrata the Teaslbllity of
paring and charactarizing refarance materials for blofusls. Tharabry,
& Tocus | on providing S able raferance valuss. Furthar, the
praject will establish the cument state of maasuremant quallty by
maane of interaboratory comparlsong uging these test materiala.

ntrocuction

Wiin e Infroduction of fhe European Dinectives on rerewable energles (RED
ZO0S2BEC) and on Tusl guallly {FQD 200S30EC], and whn e Increassd add Ban
o blological products to gasaline and diessd, &9 bio-ethancl and FAME, e quailty
of trese products ks becoming more impartant. There [s Fowever up o now ro
ni=maticnal consensws on the t=chnical spectications of biotuel, Mither I3 clear
wihat measurement standards, reference malerials and measurement echnlques ae
nezeded.

Heade

Rsterarce maberas for Diofuss wilh wel-characherined reference valuss ane
=gzartal for the devsicpment and validation of measusment mefnoss. A5, hase
sraterialy v a0 Imsortant ool In qually sssurance of S day-is-day messuraments,
L, i staning rellable, suseabie, messurement reuls,

Ohbjaolvec

Thie maaln objechee of e projsct s o =siatlish the feasbily of e preparation of
sicdiess and bio-ethancl reference maizrials witn Traceanie reference values. To that
=rd, test maizrials will be prepared 2nd characterized with high-ieeel measurement
methods. Additiorally, the snori-iem as wel as the long-tems stablity of fne
reference valuss will be assessed.

Anciher mperant oyjective |5 1o establsh the curent qually of the measurement
oractice of feid laboraiories. Informaticn on the qualty (repealabilty, reproducioilty,
mas of measurement] il be obtained fom Injeriaboratory comparisans that are
organized using e creraciezed test materals.

Fartners Involved

v WEL (ine Metheranzs), project coondinator
v IRMM {Eurnpesn Commissian]

*  NPL (Unkzd Kingdom)

. MMETRO (Erazll

*  WEET (UEA)

v LGC {Unked Kingdom] 7
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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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CCQM-K27, Ethanol in Aqueous Matrix, Original and
Both Subsequent Studies - Relative Results
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Biodiesel with guaranteed origin
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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.
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Development of new analytical techniques to improve identification and
characterization of biofuels

Paper
Analyst, 2009, 134, 1652 - 1657, DOk 10.1039/h817847]

Analysis of biodiesel and biodiesel-petrodiesel blends by high
-Blends composition  performance thin layer chromatography combined with easy ambient
-0il source origin sonic-spray ionization mass spectrometry

-con tam I nan tS I d en t I fl C at I on Livia 5. Eberlin, Patricia V. Abdelnur, Alan Passera, Gilberto F. de Sa, Romeu .. Darada, Vanderlea de Souza
(SVO ad d |t| 0 n) . and Marcos N. Eberlin

High performance thin laver chromatography (HPTLC) combined with on-spot detection and characterization
wig easy ambient sonic-spray ionization mass spectrometry (EASK-MS) is applied to the analysis of hiodiesel
(B100) and hiodiesel-petrodiesel blends (Bx). HFTLC provides chromatographic resalution of major

- components whereas EASI-ME allows on-spot characterization performed directly on the HPTLC surface at
amhbient conditions. Constituents (M) are detected by EASI-ME in a one component—one ion fashion as either

[h + Mal* ar M+ HIY. For both B100 and B samples, typical profiles of fatty acid methyl esters (FAME) detected

as [FAME + Ma]tions allow hiodiesel typification. The spectrum of the petrodiesel spot displays a hormologous
series of protonated alkyl pyridines which are characteristic for petrofuels (natural markers). The spectrum for

residual of admixture oil spots is characterized by sodiated trighycerides [TAG + Malt The application of HPTLC
to anakze B100 and B samples and its combination with EASI-MS for on-spot characterization and quality
control is demonstrated.
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SECOND GENERATION BIOFUELS
Breaking the Biological Barriers to Cellulosic Ethanol ; _
A Joint Research Agenda 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

A Resear L Research is centered on enzymatic

Resulting from the Biomass

S N breakdown of cellulosic biomass to
June 2006 component 5- and 6-carbon sugars
and lignin, using a combination of
thermochemical and biological
LR rp— FLR processes, followed by
N\ cofermentation of sugars to
specified endproducts such as

Office of the Biomass Program
ethanol.
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From BIONMASS to CELLULOSIC ETHANOL

Biomass Feedstock

Plant Residues and
Energy Crops
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Biotechnology offers the
promise of dramatically increasing

ethanol production using cellulose, the mast abundant biological
material on earth, and other polysaccharides (hemicellulose]).
Residue including postharvest corn plants {(stover) and timber
residues could be vsed, as well as such specialized high-biomass
“"energy” crops as domesticated poplar trees and switchgrass.

Biochemical conversion of cellulosic biomass to ethanol for
transportation fuel currently involves three basic steps:

F Pretreatments to increase the accessibility of
cellulose to enzymes and solubilize hemicellulose
sugars

» Hydrolysis with special enzyme preparations to break
down cellulose to sugars

M Fermentation to ethanol

Making cellulosic biomass conversion to ethanol more
economical and practical will require a science base for
moalecular redesign of numerous enzymes, biochemical
nathwavs. and full cellular systams.

Pretreatment

Goal: Make cellulose more accessible to
enzymatic breakdown (hydrolysis)
and solubilize hemicellulose sugars

Lignin
// Cellulose

\\ /V ;
Cellulose exists within a matrix of other polymers, primarily
hemicellulose and lignin. Pretreatment of biomass with heat,

enzymes, or acids removes these polymers from the cellulose
core before hydrolysis.

-
-
Pretreatmant

-
= -

Yy

— Hemicellulose

Pretreatment, one of the most expensive processing staps, has
great potential for improvement through R&D.

Figure adapted from N, Mosier ef al. 2005, “Fearures of Promising Techmnologies for
Pretrearment of Lignocellulosic Biomass,” Bioresource Technology $8(6), 67386,
Reprinted with permission from Elsevier. |

Lignin
{(phenolics)

Composition 26%
of Biomass
(lignocellulose) Cellulose

(glucose)

44%
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SUGAR CANE BAGASSE BIOMASS
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COMPLEX STRUCTURE

(b)

*\"‘-‘Q: “ I> Middle lamella ‘

Pectin

Cellulose
microfibril

Cross-linking
glycans

Key: Cross-linking glycans Pectins
Xyloglucan g8uoefenesanedeont: Homogalacturonan «#=us~es s 5-Arabinan
Glucuronoarabinoxylan  eoccsesgtst®s Calcium junction zone  ¥®®@8 Rhamnogalacturonan |
Glucomannan  eeecescendBoogocs Type | arabinogalactan

(1—3),(1—>4)-p-D-glucan e, # e s”




IMEKO XIX World Congress T — =
Lisbon, September 9th, 2009. A.ssf Il Aol

colloidal
Suitable for enzymatic assays
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Stability 4°C — 6 months
Freeze

Centrifugation
Liophylization
Ultrasound Sensibility
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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 detalls 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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