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%@ﬁg SEL. Biodiesel Nationally
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ﬂ | Biodiesel and the RFS-2 —
1Z2/(e]DIESEL. Current Status

 Advanced Biofuel: Lifecycle
GHG Emissions Must Be At

Feedstock Used in Biodiesel Production
Least 50% Less Than Diesel (Jan to Dec 2010)

Fuel

Inedible Tallow
* Better Science is Reducing — s )

Indirect Land Use Values

— Real impacts of USA biodiesel are
minimal

— Due mostly to co-product nature o
protein/oil





Market Diversity Makes for Flexible Biomass- -1 IDIESE

based Diesel RFS-2 Com pliance America’s Advanced Biofuel
ON-HIGHWAY MINING
— e Underground
® Trucking operations
e Fleets

* Meets MSHA specs
e Passenger Vehicles

HOME HEATING AGRICULTURE

e Bioheat as new
opportunity vs.

RAILROADS
natural gas

MILITARY

e Jet fuel
applications

e U.S. bases






Biodiesel: An “Advanced Biofuel”
ﬁb@ﬁg Available Now
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fgl\ DIE

ASTM D6751
Blend Stock
Specification

November
2011

-/(* /DIESELE

SPECIFICATION FOR

- N

BIODIESEL (B100) — ASTM 15?5](1 la )

fRiodiesel (B100) and the petroleum diesel must meet their respective ASTM specifications before blemng(

Froperty

Calcium & Magnesium, combined
Flash Point (closed cup)
Alcohol Control (one to be met)
1. Methanol Content

2. Flash Point

Water & Sediment

Kinematic Viscosity, 40 C
Sulfated Ash

Sulfur

S 15 Grade

S 500 Grade

Copper Strip Comosion
Cetane

Cloud Point

Carbon Residue 100% sample
Acid Number

Free Glycerin

Total Glycerin

Phosphorus Content
Distillation

Sodium/Potassium, combined

Oxidation Stability
Cold Soak Filtration
For use in temperatures below -12 *C

EN 14338

D93

EM 14110

D93

D 2709

D 445

D B74

D 5453
D 5453

D 130

D613

O 2500

D 4530*

D G664

D 6564

[ 6564

D 4951

D 1160

EN 14538

EN 15751
07501
07501

ASTM Method

Limits
5 maximum

93 minimum

0.2 maximum
130 minimum
0.05 maximum
1.9-6.0
0.02 maximum

0.0015 max. {15)
0.05 max. (500)

Mo. 3 maximum
47 minimum
report
0.05 maximum
0.5 maximum
0.020 maximum
0.240 maximum
0.001 maximum
360 maximum
5 maximum

3 minimum
360 maximum
200 maximum

BOLD = BQ-7000 Critical Specification Testing Once Production Process Under Confrol

Units

ppm (pgig)
oC

mass %
"C
% vol.
mm?/sec.
% mass

% mass (ppm)
% mass (ppm)

'C
% mass
mg KOHig
% mass
% mass
% mass
°C
ppm (ug/g)

hours
geconds
seconds





SEL, ASTM Current Status

D975 (on/off road diesel): Up to 5% biodiesel

— Performance based for engines
— Must meet same exact specifications as petro-only
— B100 must meet D6751 prior to blending

— B5 is now fungible with diesel fuel, just like other
components that can be used to make D975 fuel





SEL, ASTM Current Status

e D7467: Details for B6 to B20 for on/off road
diesel engines

— Designed so that if B100 meets D6751 and petro
diesel meets D975, B6 to B20 blends will meet their
specifications

Important quality control is at B100 level!





SEL, ASTM Current Status

e D396 (heating fuels): Up to 5% biodiesel

— Performance based for heating oil systems
— Must meet same exact specifications as petro-only
— B100 must meet D6751 prior to blending

— B5 is now fungible with petro-based heating oil,
just like other components that can be used to
make D396 fuel





| ASTM Improvements -

1Z{[e/DIESEL. 2011/2012

e Balloted and Approved No. 1-B grade of B100
— Anticipated publish date before December 2012

e A special purpose biodiesel blendstock intended for use in
middle distillate fuel applications which can be sensitive to
the presence of partially reacted glycerides, including those
applications requiring good low temperature operability.

e No. 1-B has:

— Year around 200 second CSFT value
— Maximum total monoglycerides of 0.4

e Appliedin a similar way as #1/#2 petrodiesel:
— Most people use #2 fuel, even in the winter

— If #2 causes cold flow issues, try #1 or various other known fixes for cold

flow (heat, additives, indoor storage, etc.) -





SEL?AdditionaI Fuel Quality Controls

e States’ Adoption of ASTM D6751 into law
2011: 48 states (AK, NJ remain)

e Active Enforcement

2011:

— 36 states have authority to
regulate fuel quality

— 20 states do proactive testing






SEL.,. BQ-5000 Program

e Biodiesel Industry’s equivalent to an ISO 9000
program for biodiesel production & distribution
companies as well as testing labs

e BQ-9000 works hand-in-hand with the ASTM
specifications for biodiesel

e Quality Control System covers biodiesel
manufacturing, sampling, testing, blending, storage,
shipping, distribution

e ASTM Grade Fuel, BQ-9000 Companies





I-][e ) DIESEL BQ-9000 Program

e NBB implemented BQ-9000 as a means to help instill
confidence in biodiesel with users and equipment

companies

e There are now three BQ-9000 designations:
— Producer (make it to spec)
— Marketer (buy spec, keep it in spec, blend it right)
— Certified Laboratories (test it to ensure it is in
spec)

e Many OEMs are now either requiring or strongly
encouraging BQ-9000





B1os1z

The latest numbers show that 81% of biodiesel
produced is by BQ-9000 accredited companies.

Percentage of BQ9000 Biodiesel
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ESEL.* US Fuel Quality Efforts

e Fuel Quality Efforts are Working!

e 2011 was highest volume on record

— 2012 on track for similar volumes

* No significant biodiesel problems

— Other than those associated with conventional diesel





ﬂ Biodiesel Specification
DIESEL. Future Development
e |nvestigation of recommendations for long term

storage (2-4 years) and/or intermittent use
e |nvestigation into metals specifications:

— Are the B100 metals set low enough?
— |Is there a need for metals specifications on finished fuel?

e j.e. petrodiesel

 Approval of other application blend specs
— i.e. marine, gas turbine, etc.
* |nvestigation of higher blend specifications

e Support effort in ISO 8217 marine specs for higher
biodiesel blends than 0.1%
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Challenges and Perspectives on Biodiesel

Standardisation

Issues that underline the need for Norms and Standards

Dermot BUTTLE
EBB Technical Expert

/1CBS
Gaithersburg, Maryland
November 13" — 15t 2012
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Overview

e Brief Overview of EBB and the EU Biodiesel Industry
e Underlining the Importance for Norms and Standards
e Important Drivers

e Achieving the potential from different perspectives

e The need for biodiesel quality — risks and challanges
e Current standard challenges

e Importance of Specifications and Standards

e Biodiesel Quality — the assets

)] ot Buttle :
‘Technical Expert
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European Biodiesel Board

EBB is the European Federation of Biodiesel Producers; established in 1997

We gather nearly 80 members across 21 EU countries representing 75%b of
European biodiesel production;

EBB represents its members to the institutions of the European Union and in other
international organizations

We are constantly committed in the promotion of scientific, technological, legal
and research activities

Our aim is to bring effective solutions to the biodiesel industry from different
perspectives (economic, political, legal, institutional and technical)

n_iéh__;_nternation “onfe rel
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EU Biodiesel Industry - Market Status

2009 EU biodiesel production: 9 million tonnes
2010 EU biodiesel production: 8.5 million tonnes
2011 EU biodiesel production: 8.1 million tonnes

2010 EU biodiesel productive capacity: 21.9 million tonnes
2011 EU biodiesel productive capacity: 22.7 million tonnes

Important drivers - Has Standards helped?

D ot Buttle
‘Technical Expert

International Confer Biofuel Standards
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Underlining the Importance for Norms and Standards

In former times (before circa. 1995)
- No test methods
- No quality specification for biodiesel

So what happened
- Everybody producing ‘premium quality’ on the paper
- But in reality ‘bad quality’

Consequences?

D ot Buttle
‘Technical Expert
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Underlining the Importance for Norms and Standards

Automotive failures
- didn’t take long before biodiesel business and finally biodiesel fuel was blamed
- considered not suitable for diesel engines??
- biodiesel industry was down to zero!

Significant challenge for key institutions like EBB to drive the set up of binding
specifications for the whole business

Only by ensuring a constantly high quality, the car manufacturers agreed
to the use of B100 in their cars

n Biofuel Standards <4






Underlining the Importance for Norms and Standards

A process of evolution
- development of quality management handbooks
- on site laboratories for quality
- periodical external quality control

Important steps for the acceptance of biodiesel by OEMSs, refineries etc

So what happened
- continuous growth

D] ot Buttle
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EU and Member States’ Biodiesel Production (‘O00 tonnes)

Source: EBB
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Important Drivers

Renewable Energy Directive (2009/28/EC) mandated European
Member States of a 10% use of renewable energy in transport by 2020
—  Biodiesel is expected to account for 80% of the target

Enhanced security
- EU energy reliance on third-country (Russia, MENA), this can be overcome by
alternative fuels

Diversification of supply
— Share of diesel in the overall transport modes is forecasted to increase steadily

on Biofuel Standards <4
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Sou

The evolution of the diesel and gasoline demand in the EU reveals

Important perspectives for biodiesel
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The widening EU mineral diesel deficit: a major strategic
challenge

- The EU is confronted with an enduring deficit in conventional diesel

Biodiesel can provide a practical and sustainable solution to this challenge

- National Action Plans forecast strong progression of biofuels and specifically
biodiesel demand until 2020

- France and Germany expected to remain major consumers of biodiesel in
2020; strong progression of Spain, Italy and UK

__igh International Conferel
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Achieving the Potential

Ensuring market operators of quality of their products

- The European Commission (EC) in parallel with
- CEN (European Committee for Standardisation)
- biodiesel producers
- automotive industry
- the fuel industry

work collectively in the development and continuous improvement of standards for

biofuel use in automotive engines

The biodiesel industries commitment and input is an integral part of

the process

n_iéh__;_nternation “onfe rel
‘November 13th - 15th 2012
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EBB participates to CEN Technical Committees

EBB participates as liaising organization in the CEN/TC 19 for Gaseous
and liquid fuels, lubricants and related products;

Working Group 24 — ‘specification for automotive diesel’ EN590
Working Group 14 — ‘cold filter plugging point’

Working Group 31 — ‘cold soak filter blocking and Total Contamination’
Working Group 34 — ‘cold operability testing and fuel correlation’
FAME Task Force

' on Biof uel Standards >
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Underlining the need for Norms and Standards - market
Issues, risks and challenges:

. Excessive enthusiasm and eventual speculations

. Short term considerations

. Relatively new product, i.e. an easy target for groundless
criticism

. Necessary adaptation to new engine technologies

. Market re-education

Market assurance - EN14214

?ohnical Expert
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The importance of CEN Specifications on FAME (Fatty Acids
Methyl Esters)

» The EN14214 standard: a cornerstone for biodiesel development
= Its main quality: a unanimously accepted standard in the EU

» Interaction with the EN 590 standard for conventional diesel

» The EU biodiesel industry fulfils all its requirements

D] ot Buttle

?chnical Expert
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EN14214 Parameter Overview

e Ester content e Oxidation stability

e Density e Acid number

e Kinematic viscosity e lodine number

e Flash point e Linolenic acid ME
 Sulfur content e Polyunsaturated ME
= Carbon residue e Methanol content

= Cetane number e Glycerin, Glycerides
= Ash content « Alkali metals

= Water content » Alkaline earth metals
= Total contamination e Phosphorous content
 Copper strip corrosion - Cold flow properties

e - -
: E th International Confe rence on

e oA Biofuel Standards 4
' November 13th 2012 -
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Current challenges

The very first biofuel specification standards were focused on Biodiesel from
Rapeseed, Soybean and Sunflower oil

New EN 14214 standards adapted to be more suitable for todays market
- one aim was to allow the use of almost all kinds of oils and fats

- on the other hand the new standard has to deal with new quality issues
which came up during last few years

Market acceptance of todays quality

__igh International Confe el

N | n Biofuel Standards <4
‘November 13th 2012 5 -
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Current challenges

Monoglycerides (in particular saturated MG) suspected cause for precipitations
and poor cold flow properties

— Total Monoglyceride Content depends on feedstock used
— Saturated monoglycerides raises cloud point of biodiesel
— Limiting their presence to avoid filtering issues linked to cold temperatures

— Monoglycerides from soy and rape are naturally much less saturated than
tallow and palm

Total Monoglyceride Content in EN14214:2012 reduced from 0.8 to 0.7% (m/m)
Demonstration of the Biodiesel industry responding to market requirements

chnical Expert

4th International Confe ence on B

A iofuel Standards a4
November 13th 2012
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Current challenges

Biodiesel Standard EN14214:2012

— ensures operability (most of the parameters)

ensures long term stability (water, oxidation stability)

limits mixture with other products (ester content)

limits direct emissions (sulphur)

limits impacts on the exhaust after treatment system (metals, phosphor)

Next steps

10% in EN590

D] ot Buttle

?chnical Expert
Ath Internationa “onferen

on Biofuel Standards

=5




http://www.ebb-eu.org/asso.htm



Biodiesel quality - the assets:

. Quality is the pre-condition to biodiesel development
- technical, political, economical
. The commitment for quality of the EU industry
. EBB’s commitment on a quality product
. EBB QUALITY REPORT
. The approval of new EN 14214:2012 standard in June 2012

D] ot Buttle
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Conclusion

The biodiesel produced today in Europe is a high quality product and
quality will always remain the first key-word for granting biodiesel a
stable market

In this frame the CEN specifications and more particularly the
EN14214 standard represents the real and very solid pillar for future
biodiesel development

n_iéh__;_nternation “onfe rence on Biofuel Standards <4
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Dermot BUTTLE
Technical Expert

EBB - European Biodiesel Board

Bld Saint-Michel 34 — 1040 Brussels

Tel +322 76324 77, emaill: db@ebb-eu.org

Or visit the EBB web-site : www.ebb-eu.org
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Density-Temperature Relationships
for Ethanol and FAME

Recent Measurement Results for Biofuels
and Biofuel Blends

Respectfully submitted by
Tom Feuerhelm, DIN-FAM, Germany

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 1





Developments in Petroleum Product Production ..

* Inthe ,old days” petroleum products were simple - ,straight run processes”
e with more chemical engineering and processes - more product variability
e appearance of new sources like bio components — even more variability

—> considerable changes to composition and petroleum characteristrics over the years

.. unleaded / reformulated gasoline;
.. advent of ,,oxygenates”, FAME, other bio-components;
.. Fuel components from pyrolysis, algae, tallow, yellow grease, Fischer — Tropsch, ...

.. other fuel matrix changes like sulfur, aromatics, water content, many more

e Checks and updates for density behaviour of petroleum liquids in recent years
have been published from API, El, ASTM and others [ see bibliography ]

* The process of increased product variability is ongoing with advent of
,hew generation” biofuels and possibly more complex biofuel components...

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012





Measurement of Density for Petroleum related Products - Synopsis

Definition: Density = Mass / Volume
p = m [/ V simpler: use also “D”

Common Units: kg / m3 also: g/cm?or g/mlL
Reference Temperatures: 15°C (59 F), 60 F (15,556°C) older: 20 °C, ...
Common Test Methods: Volume Meters - e.g. in transport

Hydrometer - EN ISO 3675

‘ U-Tube Quartz Oscillator - EN ISO 12185

Density Bottle, other - (DIN 51757, other)
Density Properties: depends on temperature & pressure > linear & nonlinear

prefer measurement at ref.temperature

vary with product composition - “product families”
Applications: density measurement (preferably) - atref. temperature

product trade, transport, tax, ... -> at any temperature

CALIBRATION of volume meters - Gov. Chemist, ...

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 3





,The Density — Temperature Space”

A

///

>
15 Temperature (°C)
- increasing temperature - decreasing Density - “molecular motion”
- similar product compositions = similar D(T) behavior > allows “product families”
- Common Ref. Temperature > 15 °C (ISO, EU) - 60 F (other)

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012





»The VCF — Temperature Space”

VCF : “Volume Correction Factor”

A
VCF = D(T) / D(15)
9
1,00 —
- Normalize D(T) such that
~ Density at T, is equal to 1,0000
~

- Differences in D(T) behavior
easy to see at higher dT ...

Ti .Diff dT=T-15
emp.Di | >

0 35

For Fuels, Naphtha, Jet, Burner fuels, ...

International agreement - APl MPMS Chapter 11 (“Group B”)
on VCF — Modeling:

| VCF = exp(-a15*dT*(1+0,8*0(15*dT)))

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 5





,The alphal5 — Densityl5 Space” (,,Group B“ family only..)

A —> Regression on D(T) gives a;z and D(15)

8 ™
© For Fuels, Naphtha, Jet, Burner fuels, ...

s - APl MPMS Chapter 11 (“Group B”)

015

\VCF= exp('a15*dT*(1+018*q15*dT)))

S : : _
Densits ot 15°C —> Regression over product family members :

specific constants for product family:
(Ko, K;) = regression ( a5, D(15) )
o, = K,/D(15)? + K,/ D(15)

Blue Curve:
- Empirical D(T) behavior for common Petroleum Products

—> established and re-approved by Metrology, APl, ASTM and other scientific
bodies by regression over many representative product family members

— Contants are tabled and internationally used as Petroleum Measurement Tables (“PMT”)

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 6





Some commonly used Modeling Functions for VCF

I. Definition: VCF = D(T)/ D(15°C) dimensionless ratio and
conversion function

Il. Current Model for Fuels, Burner Fuels, ( “Group B”) :
API Petroleum Measurement Tables for Fuels “MPMS Chapter 11”

VCF = exp(-a. . *dT*(1+08*a.,*dT)) withdl = T— ref
Toes = 15°C, or 60F, or..

re,

lll. “Linear” Group B Model (ll) simplified by Taylor Series expansion :
VCF = 1 - a,,*dT - 0,3*(a,,*dT)? ( simplification step 1)

» VCF = 1-a, *dT ( simplification step 2)
( no curvature anymore..)

IV. More “precise”: DIN 51757 - “Y — Table” ( both a and k in regression )
VCF =exp(-do *dT*(1+k*a,*dT)) (e.g.for petrochemicals )
V. Other Group B models ??

.. like cubic / quadratic regression ( less helpful for larger dT ... )
.. calculate mean a,; independent from D(T) ( mechanical volume meters ??)

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 7






APl - PMT empirical reference curve (Group B — products)

a,; range for APl product families

T This curve has been
(and still is) the reference
120 o for more than 30 years ...

a5 * 1000

~ blue: Petrol
~ yellow: Naphtha
-- red: Jet/Kerosene -----------mmmmmmmim R LR EEEE T
_grey: Fueloil

600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200

Density at 15 °C, kg/m3
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Contstants for Calulation of a;5 according to API PMT

APl PMT ,,Group B“ Conditions ..

Petrol MNaphtha let{Kero Fuel Oil
Group const. KD 346,42280 A -0,00336 KO 594 54180 KO 186,96560
Group const. K1 0,438B0 B 2680, 32060 K1 0,00000 K1 0,48620
Dens 15-ref lo 600,0 lo 770,5 lo 7876 lo 8386
Dens 15-ref hi 7704 hi JB7.5 hi 8385 Hi 1200,0

European Fuel Specifications ..

Each country / economic region

can have a different set of products and
possibly diverging product family ranges

EN228  Petrol |[(EN590 Diesel |EN 14214 FAME
Group const.
Group const.
Dens 15-ref lo 7200 lo 8200 lo 860,0
Dens 15-ref hi 775,0 hi B45,0 hi 500,0
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APl - PMT

empirical Reference Curve — added Calibration Tolerances

1,80

a5 * 1000

1,00

1,70 -
1,60
1,50 -
1,40 -
1,30 -
1,20 -

1,10 -

0,90
0,80
0,70 -
0,60
0,50 -

0,40 -

Reference a,; range for all APl product families for VCF
tolerances of 0,1%, 0,2%, 0,3% -- MPMS CH.11, ASTM D 1250
1N
N
EEON N
RN === \/CF (dT=35K)
__\‘..\\
MR ----0,10%
o}
— \ \\
NN 0,20%
SRR NN
AN O\ ——-0,30%
AN O CRN
i N \\\\\
\\‘\\\\ N assumed max temperature difference dT = 35K
T AN N
LA
1 \\
- \\
1 ‘! ~
N -\\\‘\\\
1 \\\\ h"*-.._‘h
N \'-.\"-___ ~~
~ ‘- ,,_‘_“ “"-.._““‘-
1 S~ \“.. () =~ —
\_\h "‘m____“ "‘-.‘H ‘""'--.._‘_‘_
i, ©
—+ s Eline @ "-._.__ ———
I O S L o
- = - O . <= - -
1 “h"'h-.h_ -'""...___ O™~ — — —
~— R O e
TSI P90
590 640 690 740 790 840 890 940 990 1040 1090 1140 1190
Density at 15 °C, kg/m3
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o5 constants for ~ 70 representative EN 228 Market Petrol Fuels

1,28

1,18 +

o, * 1000

1,08

a,s; ranges for Petrol (EN 228) product family and
VCF calibration tolerance ranges of 0,1%, 0,2%, 0,3%

- ~
T~ =—EN 228 @ E55
1 ~—_

~~ + E5W 0 OK98ES

4 OK98EO ® OK95E10

Density at 15 °C, kg/m?
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oi;5 Region for EN 590 Diesel Fuels & EN 14214 FAME

a, s range for Diesel (EN 590) & FAME (EN 14214) product families for
permissible VCF calibration tolerance ranges of 0,1%, 0,2%, 0,3 %
1,00
0,95 \ h““‘n__n_ CME
.h"l-._ ‘.“"""h
“=~-__ | DieselSpecificationEN590~_ __  DK/CME(50:50) J
om0 P~ e T~ "“‘“fuh_ WZSME/CME(SO:SO)
4 T -~ - ° > i
0,85 - A R R B -
~= . @
: u\ ety
* _ """'--._‘_h _‘-"“--_
a 0,80 — =
a -
0,75 =
| EN 590 N 14214
0,70 e DKB7 m FAME/DK Blends T ==
A FAMES 1995 + Blends PTB 2007
0,65 |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
810 815 820 825 830 835 840 845 850 855 860 865 8/0 875 880 885 890 895 900
Density at 15 °C, kg/m?

“FAME 1995” = Methyl esters from Rapeseed, HO Sunflower, Linseed, Cooking Qil, Sunflower, Soybean
“Blends PTB 2007” = DK/FAME/HEL B7, B10, B20, B50, B100
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Results from a DIN — FAM Survey with ~ 30 FAMES & Blends

Sample No.| Type Blend D(15) alphals
kg/m® | ((*1000))

FAM.01 RME B100 Gas.Station 0,000 |
FAM.02 RME B100 Gas.Station
FAM.03 RME  B100 Gas.Station o ESE e
FAM.04 | RME/PME 90/ 10 o °
FAM.05 | SME (Soy) B100 °
FAM.06 | RME/SME 75/ 25 e e
FAM.07 CME B100 ]
FAM.08 RME/CME 90/ 10 L O e
FAM.09 | RME/CME 99,25/ 0,75 =
FAM.10 |RME/CME 99,995/ 0,005 S 0,800 g
FAM.11 | DK/RME 80/ 20 — ) e
FAM.12 DK / RME 70/ 30 L 0,850 - o o T
FAM.13 DK BO . o
FAM.14 PME B100 :; 0, B
FAM.15 | SME (soy) B100 1 ° e
FAM.16 CME B100 0,830 P
FAM.17 DK/PME 10/ 90 : ° o e
FAM.18 DK/PME 30/ 70 0,820 | Cope g
FAM.19 DK/PME 50/ 50
FAM.20 DK/PME 70/ 30 0,810 | e . I . o . I
FAM.21 | DK/PME 90/10 830,0 840,0 850,0 860,0 870,0 880,0 890,0
FAM.22 DK/CME 10/ 90
FAM.23 DK/CME 30/ 70 Density (15°C), kg/m’
FAM.24 DK/CME 50/ 50 , ,
FAM.25 | DMm/cmE 70/ 30 846,406 0,85876
FAM26 | DK/CME 10/ 90 soser | os2u | = Diesel Fuels & FAMEs blend linearly ...
oz | aveme s | s | asesn | > Mixtures can easily be (coarsely) predicted ...
FAM29 | CME/SME  50/50 sros0s | osssse | = Not all fit well into the allowed calibration corridor
FAM.30 | cmE/sME 30/ 70 882,019 0,83618 . . . .
FAMA3L | cME/SME 10/90 ssa203 | osesa | = HOW to identify the “misbehaving” ones ???

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012
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Results from a DIN — FAM Survey with ~ 30 FAMES & Blends

Sample No.| Type Blend D(15) alphals
kg/m* | ((*1000))
FAM.01 RME B100 Gas.Station 0,000 |
FAM.02 RME B100 Gas.Station
FAM.03 RME  B100 Gas.Station 0,800 T e
FAM.04 RME/PME 90/ 10 ® ®
FAM.05 SME (Soy) B100 e
FAM.06 | RME/SME 75/ 25 e e
FAM.O7 CME B100 ]
FAM.08 RME/CME 90/ 10 L O e
FAM.09 RME/CME 99,25/ 0,75 _—
FAM.10 RME / CME 99,995 / 0,005 § 0,860 o T e e e
FAM.11 DK/ RME 80/ 20 i . @
FAM.12 DK / RME 70/ 30 L 0,850 - o o T
FAM.13 DK BO " @ .
FAM.14 PME B100 :; 0, B
FAM.15 | SME (soy) B100 1 ° e
FAM.16 CME B100 0,830 P
FAM.17 DK/PME 10/ 90 1 e ° o @
FAM.18 DK/PME 30/ 70 0,820 8
FAM.19 DK/PME 50/ 50
FAM.20 DK/PME 70/ 30 0,810IIIIII
FAM2L | DK/PME 90 /10 830,0 840,0 850,0 860,0 870,0 880,0 890,0
FAM.22 DK/CME 10/ 90
FAM.23 DK/CME 30/70 DenSity {150(:)’ kg/m3
For coarse preliminary checks & predictions : ,
| Fuels & FAMEs blend linearly ...
- we can use with sufficient precision a ures can easily be (coarsely) predicted ...
linear regression model for a;5 using |l fit well into the allowed calibration corridor
density values atonly 10, 15, 25,40 °C ... |to identify the “misbehaving” ones ???
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D(T) Slopes per dT = 5K for gasolines and diesel fuels ...

Samples: OK 95 (Summer)

—> Monotonic
—> clearly not linear
- Calibrationrange T -30..+50 °C

Test method EN ISO 12185 :

T °| = Does not allow measurement in ranges

55 ¢ where precipitation or phase transitions

| do occur !! -uel (Summer)
5,0 .

= Important repercussions for limitations on the °t°“'goc

45 - calibration range requirements / compliance ... ﬁ -
40 - - Measurement range (!!!)
. ?? Phase transitions ? Paraffins ??
sl - Same behaviour also observed

30 20 10 0 10 20 30 40 50 for other middle distillates

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 15





o;5 constants for some Petrol / EtOH Blends

a,; ranges for Ethanol Blends (EO, ES, E10, ..., E3

Non — linear blending
VCF calibration tolerance ranges of 0,1

bevaviour below ~E10 is

135 1 \‘\\\ very similar to observed
. TSl Vapor Pressure anomality
130 + \
1.25 | \\
(=} N
S L s
- 1207 > New “E85” product
*3 family with own a ??
3
1.15 +
@
1 ([
1.10 +
1.05 ++—rrrrrr T e e e e e T T T -
700 710 720 730 740 750 760 770 780 790 800

Density at 15 °C, kg/m?
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Issues, Conclusions, Proposals ()

(1) For the regular currently marketed and standardized (european) fuels and fuel oils,
there is until now no real need to update or change the PMT constants.

This may change dramatically with indroduction of additional variety brought into the
system by new processes & components, no matter if these are “bio” or not ...

(2) As “misbehaving” components like “CME” or other completely new product types can
enter the market, a closer watch and better communication on the needs to change
density constants seems to be adviseable in order to minimize irritations and
precariousness in the market. More aligned international cooperation could help here.

- as a quick & preliminary check, a linear regression model using a set of
min. 4 appropriate temperatures (here: 10, 15, 25, 40 °C) seems to be sufficient;

- reference procedure should be API MPMS Ch. 11 - “Method C”

(3) More attention should also be paid to

- compliance with specified measurement ranges and calibration requirements;

— peculiar variations in product composition

- the need to find better fitting product family definitions ...

- the need for working routines to check “unknown” products (e.g. APl “Method C” ?)

4th International Conference on Biofuel Standards, Gaithersburg, MA, November 2012 17





Issues, Conclusions, Proposals (ll)

As each single change of a, constants

e tothe Petroleum Measurement Tables,
* to existing bookkeeping software and metering hardware,
e to calculation routines and calibration procedures

will cost a lot of money and can produce considerable irritation in the market,
we think it to be very important that changes to the PMT should only be done

e with best scrutiny and in international collaboration;
e with common efforts from all involved parties (government & industry,...);
e and when a real need has been demonstrated and verified for

new products and streams ...

Also, more analytical attention needs to be paid to differences

* in product composition, product types, specifications and regulations in
the markets of different (economical) regions...

-=> For new products, more attention must be paid to compositional issues (e.g., E85“)

= The plan is to provide more comprehensive data, modeling results and argument
in a CEN Technical Report, anticipated for early 2013
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This is the end - ( of my presentation )..

Thank you very much for listening !!
(you may applaud now ..)

to express your thanks also to my many valuable
contributing colleagues, experts and technicians
in German and European Standardisation ...
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Bibliography & suggested Reading ...

e APl Petroleum Measurement Tables (PMT) for Temperature conversion for Petroleum Products

e Erdol und Kohle — Erdgas — Petrochemie 15, Nr 10, pages 738-739 (1960)
Anderung der Dichte von Mineraldlprodukten mit der Temperatur (Erganzung zu DIN 51757)

e ASTM D 1250 - Standard guide for the use of “PMT” (still in use are the revsions from 1980, 2004, 2010, ...)
e ISO91-1,1SO 91-2 — Petroleum Measurement Tables (with references to APl and ASTM )

* API MPMS chapter 11.1 and related chapters (also adjuncts to ASTM D 1250, IP 200/04)
(see also www.quantityware.com/ data/Petroleum ASTM D1250-04 SP12.pdf)

e ENISO 12185 — Density measurement of petroleum products using Qcillating U-tube
e ENISO 3675 — Density measurement of petroleum products using Hydrometer

e Rathbauer, Bachler Int. Conference on Standardization and Analysis of Biodiesel, Nov. 6-7, 1995, Vienna
Physical Properties of Vegetable Oil Methyl Esters

e Institute of Petroleum / API Work package “Volume Correction Fasctors by velocity of sound (December 2003)
* OIML publications D28.E04, G14(1987), G14 (2011), and more
e Several PTB papers to be found in the Internet

e Energy Institute Project HM 802/J901
Volume Correction Factors for FAME and FAME / Mineral diesel Blends (2011-10)

APl MPMS Chapter 11.3.3 — Misc. Hydrocarbon Properties — Ethanol Density and Volume Correction Factors

e CEN Technical Report, including all recent data, ckinstants, discussions and findings for future reference
(proposed for publication 1t Quarter 2013 ...)
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Inevitable Changes in Measurements:
redefining what we mean by “fit-for-purpose”

Thomas J. Bruno

Physical and Chemical Properties Division
National Institute of Standards and Technology

Boulder, CO











Fit-for-Purpose:

e A capstone of QA principles

— product should be suitable for the intended
purpose
e fulfilling a customer’s requirements, needs or desires
 whether or not a unit meets quality

e resources should not be squandered to produce higher
quality than is necessary

e conform to generally accepted standards (accreditation
or quality assurance body)

* "in spec" or "out of spec”





e Specifications

* Properties
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— Often very empirical
— Cost, simplicity driven





Fit-for-Purpose:

e A capstone of QA principles

— product should be suitable for the intended
purpose
e Specifications
— Test methods and procedures
— Rubrics, for comparison

* Properties

— Often very empirical

— Cost, simplicity driven

 Development driven by what can be measured










An Alternative:

e Fundamental Properties, rather than “fit-for-
purpose” properties
— Fundamental properties are linked to fundamental
theory

e Math <¢mms=) Measurement





An Alternative:

e Fundamental Properties, rather than “fit-for-
purpose” properties
— Fundamental properties are linked to fundamental
theory
e Math <{=m=) Measurement

— Fundamental properties derive from atoms and
molecules

e Explicit recognition that composition determines
property





Ya canna
change the
laws of
physics!

e





Fuel Test Methods:

At the top of the
Volatility e ist for good
Vapor Pressure reasons!

Cetane index
Antiknock index
Gravity

Acidity

Color

etc., etc....






Distillation Curve???

 For a complex mixture, it is a plot of the distillation
temperature against cut fraction

— Tvs. Vol
— Tvs. 100 mL Volume
— Tvs. Volume %
(sometimes expressed as % evaporated)






qﬂlh Designation: D 86 - 97

Standard Test Method for

Distillation of Petroleum Products at Atmospheric Pressure’

This standard is issued under the fixed designation D 86; the number i fiately foll

the year of

g the d di
original adoption or, lnwmﬁmﬁemroflﬂmﬁnmwmmmﬂnmrﬂhﬂmh
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by ag
1. Scope?

1.1 This test method covers the atmospheric distillation of
petroleum products using a laboratory batch distillation unit
to determine quantitatively the boiling range characteristics
of such products as natural gasolines, light and middle
distillates, automotive spark-ignition engine fuels, aviation
gasolines, aviation turbine fuels, 1-D and 2-D regular and
low sulfur diesel fuels, special petroleum spirits, naphthas,
white spirits, kerosines, and Grades | and 2 burner fuels.

1.2 The test method is designed for the analysis of
distillate fuels; it is not applicable to products containing
appreciable quantities of residual material.

1.3 This test method covers both manual and automated
instruments. In cases of dispute, the manual apparatus and
procedure shall be the referee test method.

1.4 Unless otherwise noted, the values stated in SI units
are to be regarded as the standard. The wvalues given in
parentheses are provided for information only.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 All standards are subject to revision, and parties to
agreement on this test method are to apply the most recent
edition of the standards indicated below, unless otherwise
specified, such as in contractual agreements or regulatory
rules, where earlier versions of the method(s) identified may
be required.
2.2 ASTM Standards:
D97 Test Method for Pour Point of Petroleum?
D323 Test Method for Vapor Pressure of Petroleum
Products (Reid Method)*

2 850 Test Method for Distillation of Industrial Aromatic
Hydrocarbons and Related Materials?

D 1078 Test Method for Distillation Range of Volatile

Organic Liquids*

! This test method is under the j of ASTM D-2 on
Petroleum Products and Lubricants and is the direct responsibility of Subcom-
mittee D0O2.08 on Volatility.

In the IP, uqmmummmnmmmmmmwm
1t is under the jurisdiction of the

Current edition approved Nov, 10, 1997, MMFMIM

* This test method is a complete rewrite of D 86 - 96,

3 Annual Book of ASTM Standards, Vol 05.01.

* Annual Book of ASTM Standards, Vol 06.04.

ies of the Dep

of Defense.

D 2892 Test Method for Distillation of Crude Petroleum
(15-Theoretical Plate Column)®

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products®

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products®

D 4953 Test Method for Vapor Pressure of Gasoline and
Gasoline Oxygenate Blends (Dry Method)®

D5190 Test Method for Vapor Pressure of Petroleum
Products (Automatic Method)®

D5191 Test Method for Vapor Pressure of Petroleum
Products (Mini Method)®

D 5482 Test Method for Vapor Pressure of Petroleum
Products (Mini Method-Atmospheric)®

D 5949 Test Method for Pour Point of Petroleum Products
(Automatic Pressure ing Method)®

D 5950 Test Method for Pour Point of Petroleum Products
(Automatic Tilt Method)®

D 5985 Test Method for Pour Point of Petroleum Products
{Rotational Method)®

E 1 Specification for ASTM Thermometers’

E 77 Test Method for Inspection and Verification of
Thermometers’

E 1272 Specification for Laboratory Glass Graduated
Cylinders®

E ]l:::ﬁsxSpeuﬁw tion for Laboratory Glass Distillation

2.3 IP Standards?
IP 69 Determination of Vapour Pressure—Reid Method
IP 123 Petroleum Products—Determination of Distillation
o A
TP 394 Determination of Air Saturated Vapour Pressure
IP Standard Methods for Analysis and Testing of Petro-
leum and Related Products 1996—Appendix A

3. Terminology

3.1 Definitions:

3.1.1 charge volume, n—the volume of the specimen, 100
mL, charged to the distillation flask at the temperature
specified in Table 3.

3.1.2 decomposition, n—of a hydrocarbon, the pyrolysis
or cracking of a molecule yielding smaller molecules with
lower boiling points than the original molecule.

3.1.2.1 decomposition point, n—the corrected thermom-

S Annual Book of ASTM Siandards, Vol 05.02.

& Annual Book of ASTM Standards, Vol 05.03.

7 Annual Book of ASTM Standards, Vol 14.03.

® Annual Book of ASTM Standards, Vol 14,02.

® Available from the I of P 61 New C:
WIM AR, UK.

ish 5t., London,
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Burner
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Thermometer
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ADC Analytical Protocol for Complex Fluids:

— temperatures are true thermodynamic state points
— consistent with a century of historical data

— temperature, volume and pressure measurements of low
uncertainty — EOS development

— composition explicit data channel for qualitative,
quantitative and trace analysis of fractions

— Explicit identification of azeotropes

— energy content of each fraction

— corrosivity of each fraction

— greenhouse gas output of each fraction

— thermal and oxidative stability of the fluids





receiver
adapter
(see Fig. 2)

calibrated
volume
receiver
(see Fig. 3)

Sampling adapter designed to
allow instantaneous sampling of
dlsvitlttee (k) fdesandlysiveas.

kettle temp , T2 meas. head temp

TITTTTT |

e g Wy e ik upper flask heating
o e enclosure, aluminum

500 mL

“~T~ Round-bottom Flask
borescope ‘ - | lower flask heating
ports (5Smm diameter) o _ — enclosure, aluminum

— control PRT
e - Stirrer
100w heater (3)
Leve I -Stabl I IZed receiver Digital Barom eter Temperature Controller

designed to improve the

precision of the volume
measurement





()« chromatographic

”“ syringe

“~crimp cap with septum

0.05 mL "hammock"

+—1to receiver

Commercialized by Sigma Aldrich

stir bar ——

inlet —» (]

thermocouple

ﬁjz

receiver
collection
volume

calibrated
side arm

level sight
glass (2)





Choosing a Biodiesel Fuel Feedstock

« Grown locally Triglyceride

 geography ANANANANNAAN
- climate HzT_O
e ANANANSTNNANANAS

- availability |

(o}
hemo NN

* Feedstock oil determines
- fatty acid content
- FAME profile (composition and degree of unsaturation)

- resulting properties of the biodiesel fuel
* cold flow properties
* oxidative stability

* energy content





380.0 | Soy Based Biodiesel Fuel:
A
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S 320.0 = *
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Distillate Volume Fraction
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380.0 | Soy Based Biodiesel Fuel: A
A
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Distillation curves for cuphea (CME) vs. soy (SME) -based
biodiesel fuels
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- The temperature range from 5 % to 90 % distillate volume fraction for CME
spans 130 °C, whereas for SME this temperature range spans only 25 °C.





Distillation curves for SME (Soy-based B100) compared to
CME (cuphea-derived biodiesel fuel
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Chromatograms of four distillate volume
fractions for soybean-based biodiesel fuel

(a) SME Biodiesel Fuel
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Chromatograms of four distillate volume
fractions for cuphea-based biodiesel fuel

(b) CME Biodiesel Fuel
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Composite enthalpy of combustion
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Helmholtz Equation of State

e Formulated in terms of a(T, p) Instead of p(T, p)

a(p,T)=a’(p.T)+a (p.T)

ideal gas contribution residual contribution

e Allsingle phase properties can be calculated as derivatives of
the Helmholtz energy

(3
op ),

e Typical form of residual contribution
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