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U.S. Biodiesel Production by Calendar Year 
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Biodiesel Nationally 
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Conventional Biofuels
(20% GHG reduction)


Cellulosic
(60% GHG Reduction)


Other Advanced Biofuels
(50% GHG Reduction)


Biomass-based Diesel
(50% GHG Reduction)


Goal: Biodiesel blends, will replace 5% of on-highway diesel demand by 2015 (~ 2BGY). 
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• Advanced Biofuel:  Lifecycle 
GHG Emissions Must Be At 
Least 50% Less Than Diesel 
Fuel 
 


• Better Science is Reducing 
Indirect Land Use Values 
– Real impacts of USA biodiesel are 


minimal 
– Due mostly to co-product nature of 


protein/oil 
 


Biodiesel and the RFS-2 –  
Current Status  
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Market Diversity Makes for Flexible Biomass-
based Diesel RFS-2 Compliance 


RAILROADS  


MINING 
• Underground      
operations 
• Meets MSHA specs 


HOME HEATING 


• Bioheat as new 
opportunity vs. 
natural gas 


ON-HIGHWAY 
USERS 
• Trucking  
• Fleets 
• Passenger Vehicles 


MILITARY 
• Jet fuel   
applications 
• U.S. bases  


AGRICULTURE 







Biodiesel:  An “Advanced Biofuel” 
Available Now 


205 EPA-
Registered plants 
nationwide with 
over 3.08 Billion 


GPY Capacity 







ASTM 
Biodiesel 
Standards  







ASTM D6751 
Blend Stock 
Specification  


November 
2011 







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 







ASTM Current Status 


• 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! 







ASTM Current Status 


• 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 - 
2011/2012 


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


 
• 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.   
 


• No. 1-B has: 
– Year around 200 second CSFT value 
– Maximum total monoglycerides of 0.4 


 
• Applied in 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.) 
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Additional Fuel Quality Controls 


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


 
• Active Enforcement 


2011:   
– 36 states have authority to                                                  


regulate fuel quality 
– 20 states do proactive testing 


 
 
 
 
 
 


 







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


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


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


•   ASTM Grade Fuel, BQ-9000 Companies 


BQ-9000 Program 







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


• 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) 
 


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


BQ-9000 Program 







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


• Fuel Quality Efforts are Working! 
 


• 2011 was highest volume on record 
– 2012 on track for similar volumes 


 
• No significant biodiesel problems 


– Other than those associated with conventional diesel 







Biodiesel Specification 
Future Development 


• Investigation of recommendations for long term 
storage (2-4 years) and/or intermittent use  


• Investigation into metals specifications: 
– Are the B100 metals set low enough? 
– Is there a need for metals specifications on finished fuel? 


• i.e. petrodiesel 


• Approval of other application blend specs 
– i.e. marine, gas turbine, etc. 


• Investigation of higher blend specifications 
• Support effort in ISO 8217 marine specs for higher 


biodiesel blends than 0.1% 
 
 
 







Thank You!   
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Issues that underline the need for Norms and Standards 
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EBB 
European Biodiesel Board 


Overview 
 


• Brief Overview of EBB and the EU Biodiesel Industry 
• Underlining the Importance for Norms and Standards 
• Important Drivers 
• Achieving the potential from different perspectives 
• The need for biodiesel quality – risks and challanges 
• Current standard challenges 
• Importance of Specifications and Standards 
• Biodiesel Quality – the assets 
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EBB 
European Biodiesel Board 


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% 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) 
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EBB 
European Biodiesel Board 


  


  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  


 


                    


  


                         


Membership 


NEOCHIM 


Assocostieri 


Green Biofuels 
Ireland 


Procera 
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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? 
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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?  
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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 
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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 OEMs, refineries etc 
 


So what happened 
  - continuous growth 
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EU and Member States’ Biodiesel Production (‘000 tonnes) 
 Source: EBB 
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EBB 
European Biodiesel Board  
 
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 
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The evolution of the diesel and gasoline demand in the EU reveals 
important perspectives for biodiesel 


Source: Eurostat 
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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 
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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 
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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 
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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 
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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  
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EN14214 Parameter Overview 


Dermot Buttle 
Technical Expert 
 
4th International Conference on Biofuel Standards 
November 13th 2012 


 


• Ester content 


• Density 


• Kinematic viscosity 


• Flash point 


• Sulfur content 


• Carbon residue 


• Cetane number 


• Ash content 


• Water content 


• Total contamination 


• Copper strip corrosion 


• Oxidation stability 


• Acid number 


• Iodine number 


• Linolenic acid ME 


• Polyunsaturated ME 


• Methanol content 


• Glycerin, Glycerides 


• Alkali metals 


• Alkaline earth metals 


• Phosphorous content 


• Cold flow properties 
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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 
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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 
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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 
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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 
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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 
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Bld Saint-Michel 34 – 1040 Brussels 


Tel  +32 2 763 24 77,  email: 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 
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Developments in Petroleum Product Production .. 


• In the „old days“, petroleum products were simple  „straight run processes“ 
 


• with more chemical engineering and processes  more product variability 
 


• 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 


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


• The process of increased product variability is ongoing with advent of  
„new generation“ biofuels and possibly more complex biofuel components…  
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Measurement of Density for Petroleum related Products  -  Synopsis 


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


Common Units:  kg / m³    also: g/cm³ or  g/mL 


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) 


Reference Temperatures: 15°C  (59 F),   60 F (15,556°C)  older: 20 °C, …  


Density Properties:  depends on temperature & pressure  linear & nonlinear 
   prefer measurement at ref.temperature 
   vary with product composition  “product families” 


Applications:  density measurement  (preferably)  at ref. temperature 
   product trade, transport, tax, …  at any temperature 
    CALIBRATION of volume meters    Gov. Chemist, … 
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Temperature  ( °C ) 
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„The Density – Temperature Space“ 


 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) 
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Temp.Diff  dT = T - 15   
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VCF  :  “Volume Correction Factor” 
 


 VCF =  D(T) / D(15)  


VCF =  exp ( - α15 * dT * ( 1 + 0,8 * α15 * dT ) )  


For Fuels, Naphtha, Jet, Burner fuels, … 
        API  MPMS  Chapter 11  (“Group B”) 


„The VCF – Temperature Space“ 


 Normalize  D(T) such that  
Density at Tref  is equal to 1,0000  


International agreement 
on VCF – Modeling: 


  Differences in D(T) behavior 
      easy to see at higher dT … 
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Density at 15°C 


„The alpha15 – Density15  Space“  („Group B“ family only..) 


Blue Curve:  
 


 Empirical D(T) behavior for common Petroleum Products 
 


 established  and re-approved by Metrology, API, ASTM and other scientific  
     bodies by regression over many representative product family members 
 


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


VCF =  exp ( - α15 * dT * ( 1 + 0,8 * α15 * dT ) )  


For Fuels, Naphtha, Jet, Burner fuels, … 
        API  MPMS  Chapter 11  (“Group B”) 


 Regression on D(T)  gives α15  and D(15) 


specific constants for product family: 
(K0, K1)  =  regression ( α15 , D(15) )  
    α15    =  K0 / D(15)²  +  K1 / D(15)  


 Regression over product family members : 
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Some commonly used Modeling Functions for VCF 


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


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


 VCF  =  exp ( - αref * dT *( 1 + 0,8 * αref * dT) )  with dT  =  T – Tref;    
       Tref  =  15°C,  or  60 F,   or … 


III.   “Linear” Group B Model (II)  simplified by Taylor Series expansion : 
 


 VCF  =   1  -  αref * dT  -  0,3 * (αref * dT)²  ( simplification step 1 ) 
 


 VCF  =   1  -  αref * dT    ( simplification step 2 ) 
       ( no curvature anymore.. )
  
IV.   More “precise”: DIN 51757 – “Y – Table” ( both α and k in regression ) 
 


 VCF  = exp ( - αref * dT *( 1 + k * αref * dT) )   ( e.g. for petrochemicals )  


V.    Other Group B models ?? 
    .. like cubic / quadratic regression  ( less helpful for larger dT … ) 
 .. calculate mean α15 independent from D(T) ( mechanical volume meters ?? ) 
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API – PMT  empirical reference curve (Group B – products)   
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 (and still is) the reference 
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Contstants for Calulation of  α15  according to API PMT 


API   PMT „Group B“  Conditions .. 
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Each country / economic region 
 can have a different set of products and 
possibly diverging product family ranges 


European Fuel Specifications .. 







API – PMT  empirical Reference Curve – added Calibration Tolerances 
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α15  constants for ~ 70 representative  EN 228  Market Petrol Fuels 
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α15  Region for  EN 590  Diesel Fuels   &   EN 14214 FAME 


FAME Specification EN 14214 


DK/CME (50:50) 
SME / CME (50:50) 


“FAME 1995”  =  Methyl esters from  Rapeseed, HO Sunflower, Linseed, Cooking Oil, 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) alpha15


kg/m³ (( * 1000 ))
FAM.01 RME B100 Gas .Station 882,147 0,82268


FAM.02 RME B100 Gas .Station 882,442 0,82269


FAM.03 RME B100 Gas .Station 881,200 0,82378


FAM.04 RME/PME 90 / 10 881,417 0,82329


FAM.05 SME (Soy) B100 885,477 0,82243


FAM.06 RME/SME 75 / 25 883,780 0,82259


FAM.07 CME B100 874,740 0,88815


FAM.08 RME/CME 90 / 10 882,285 0,82969


FAM.09 RME/CME 99,25 / 0,75 883,056 0,82204


FAM.10 RME / CME 99,995 / 0,005 883,111 0,82064


FAM.11 DK / RME 80 / 20 840,639 0,84782


FAM.12 DK / RME 70 / 30 844,948 0,84326


FAM.13 DK B0 836,955 0,84728


FAM.14 PME B100 885,556 0,82117


FAM.15 SME (soy) B100 885,090 0,82147


FAM.16 CME B100 874,661 0,89175


FAM.17 DK/PME 10 / 90 879,099 0,82441


FAM.18 DK/PME 30 / 70 869,816 0,82781


FAM.19 DK/PME 50 / 50 857,626 0,83430


FAM.20 DK/PME 70 / 30 850,746 0,83875


FAM.21 DK/PME 90 / 10 841,321 0,84474


FAM.22 DK/CME 10 / 90 871,121 0,88617


FAM.23 DK/CME 30 / 70 863,667 0,87834


FAM.24 DK/CME 50 / 50 856,726 0,87045


FAM.25 DM/CME 70 / 30 846,406 0,85876


FAM.26 DK / CME 10 / 90 840,587 0,85211


FAM.27 CME/SME 90 / 10 875,714 0,88310


FAM.28 CME/SME 70 / 30 877,712 0,86871


FAM.29 CME/SME 50 / 50 879,695 0,85554


FAM.30 CME/SME 30 / 70 882,019 0,83618


FAM.31 CME/SME 10 / 90 884,203 0,82654


 Diesel Fuels & FAMEs blend linearly ...  
 Mixtures can easily be (coarsely) predicted … 
 Not all fit well into the allowed calibration corridor 
 How to identify the “misbehaving” ones ??? 
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 Diesel Fuels & FAMEs blend linearly ...  
 Mixtures can easily be (coarsely) predicted … 
 Not all fit well into the allowed calibration corridor 
 How to identify the “misbehaving” ones ??? 


For coarse preliminary checks & predictions : 
 


 we can use  with sufficient precision a 
linear regression  model for α15 using  
density values  at only 10, 15, 25, 40 °C … 
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D(T) Slopes per dT = 5K for gasolines and diesel fuels … 


Samples:  OK 95 (Summer) 
 


 Monotonic 
 clearly not linear 
 Calibration range  T  -30 .. + 50 °C  


Samples:  Diesel Fuel (Summer) 
 


 Clearly not monotonic 
 Linear only above ~~ 0°C 
 Calibration range  ??? 
 Measurement range (!!!) 


 


??  Phase transitions ?  Paraffins ?? 
 
  Same behaviour also observed 
       for other middle distillates 


Test method EN ISO 12185 : 
 


 Does not allow measurement in ranges 
where precipitation or phase transitions 
do occur !! 
 


 Important repercussions for limitations on the 
calibration range requirements / compliance … 
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α15  constants for some Petrol / EtOH Blends 


Non – linear blending 
bevaviour below ~E10 is 
very similar to observed 


Vapor Pressure anomality 


New  “E85”  product  
family  with own  α ?? 
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Issues, Conclusions, Proposals  (I) 


(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. API “Method C” ?) 
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Issues, Conclusions, Proposals  (II) 


As each single change of α15 constants 
 


• to the Petroleum Measurement Tables, 
• to existing bookkeeping software and metering hardware, 
• 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  
 


• with best scrutiny and in international collaboration; 
• with common efforts from all involved parties (government & industry,…); 
• 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… 
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 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 







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 … 


• API Petroleum Measurement Tables (PMT) for Temperature conversion for Petroleum Products 
 


• Erdöl und Kohle – Erdgas – Petrochemie 15, Nr 10, pages 738-739 (1960)  
Anderung der Dichte von Mineralölprodukten mit der Temperatur (Ergänzung zu DIN 51757) 
 


• ASTM D 1250 – Standard guide for the use of “PMT”  (still in use are the revsions from 1980, 2004, 2010, …) 
 


• ISO 91-1, ISO 91-2 – Petroleum Measurement Tables  (with references to API 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 ) 
 


• EN ISO 12185 – Density measurement of petroleum products using Qcillating U-tube 
• EN ISO 3675 – Density measurement of petroleum products using Hydrometer 


 


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


• 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 
 


• Several PTB papers to be found in the Internet 
 


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


• API MPMS Chapter 11.3.3 – Misc. Hydrocarbon Properties – Ethanol Density and Volume Correction Factors 
 


• CEN Technical Report, including all recent data , ckinstants, discussions and findings for future reference 
(proposed for publication 1st 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 
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– product should be suitable for the intended 
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• Development driven by what can be measured 
 







An Alternative: 


• Fundamental Properties, rather than “fit-for-
purpose” properties 







An Alternative: 


• Fundamental Properties, rather than “fit-for-
purpose” properties 
– Fundamental properties are linked to fundamental 


theory 
• Math                   Measurement 







An Alternative: 


• Fundamental Properties, rather than “fit-for-
purpose” properties 
– Fundamental properties are linked to fundamental 


theory 
• Math                   Measurement 


 


– Fundamental properties derive from atoms and 
molecules 


• Explicit recognition that composition determines 
property 











Fuel Test Methods: 


• Volatility 
• Vapor Pressure 
• Cetane index 
• Antiknock index 
• Gravity 
• Acidity 
• Color 
• etc., etc…. 


At the top of the 
list for good 
reasons! 







Distillation Curve??? 


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


 
– T vs. Vol 
– T vs. 100 mL Volume 
– T vs.  Volume % 


         (sometimes expressed as % evaporated) 
   
 
  


 
 


 
     
    















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 


 







Bore scopes to observe the fluid 
in the kettle and the bottom of the 
take -off 


Advanced Distillation Curve (ADC) 
Apparatus 


Two thermocouples – T1 meas. 
kettle temp , T2 meas. head temp 


Sampling adapter designed to 
allow instantaneous sampling of 
distillate (~7mL) for analysis 


Level-stabilized receiver 
designed to improve the 
precision of the volume 
measurement 







Sampling  Adapter & Level Stabilized Receiver 


Commercialized by Sigma Aldrich 







Choosing a Biodiesel Fuel Feedstock 
• Grown locally 


• geography 
• climate 
• availability 


• 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 


 
 


Triglyceride 







Much higher temperatures than are 
encountered with petro diesel fuel 


Soy Based Biodiesel Fuel: 







What’s going on here??? 


Soy Based Biodiesel Fuel: 







Use the composition 
explicit data channel to 
find out 
 
 
 
 
 


Diels Alder products 
forming 







Use the composition 
explicit data channel to 
find out 
 
 
 
 
 


Diels Alder products 
forming 


Cracking products and 
lots of Diels Alder 
products 
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Slopes are the same 


No jump! 
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FAMEs 
• Soybean-based biodiesel fuel 


 
 
 
 
 
 


• Cuphea plant-based biodiesel fuel 


Cuphea plant 


O


O


methyl palmitate


O


O


methyl oleate


O


O


methyl linoleate


Soybean plant 
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O


methyl decanoate


74 % 


11 % 


24 % 


54 % 







Distillation curves for cuphea (CME) vs. soy (SME) -based 
biodiesel fuels 


• 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.  
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Distillation curves for SME (Soy-based B100) compared to 
CME (cuphea-derived biodiesel fuel 
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Over 80 % C18 FAMES 


Evidence of possible 
azeotrope 


May improve cold 
flow properties typical 
of soy-based biodiesel 
fuels 







Chromatograms of four distillate volume 
fractions for soybean-based biodiesel fuel 


Soybean plant 


  


  


 


(a) SME Biodiesel Fuel 


methyl 
palmitate 
 methyl 


stearate 
 


methyl oleate 
 methyl linoleate 


 







Chromatograms of four distillate volume 
fractions for cuphea-based biodiesel fuel 


Cuphea plant 


  


  


 


methyl caprate 
 


methyl myristate 


methyl palmitate 


methyl oleate 


methyl 
linoleate 
 


methyl 
caprylate 
 


(b) CME Biodiesel Fuel 







Composite enthalpy of combustion 


• The enthalpy of combustion for the biodiesel fuels SME and CME presented at four 
distillate cuts, 0.025 % (the first drop), 10 %, 50 %, and 80 %.  
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Take Home Messages: 


 







NOT:  
you’re doing it 


wrong, do it my 
way 







BUT RATHER: 
The move to fundamental properties offer an 
alternative with many powerful advantages 







Helmholtz Equation of State 


• Formulated in terms of a(T, ρ) instead of p(T, ρ) 
 


 
• All single phase properties can be calculated as derivatives of 


the Helmholtz energy 
 
 
 


• Typical form of residual contribution 
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