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Continuing on my theme from yesterday, 


• Fundamental properties offer important 
advantages over fit-for-purpose or empirical 
properties 


 


– Fundamental properties are linked to fundamental 
theory 


• Math                   Measurement 
• Partner for innovation 
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Look familiar? 







“Techies” have been filling in the blanks since: 


Industrial 
Revolution? 


 


 
Watt ponders the steam engine 


                     
Ancient 
Rome? 


 


 


Cave Dwellers? The need for reliable 
information has been a constant 


throughout human progress. 







For simple cases,  







Most fluids that are useful to us are a bit more 
complex 







Complex Means: 


• Many components 
– thousands, and that’s just the start 
 


• Heterogeneous 
– polar, nonpolar, dipolar aprotic,… 
– water, solids,… 


 







Analysis Means: 


1. What’s in the stuff, 
2. What are the properties of the stuff 


 
3. How do 1 and 2, above, relate to each other. 
 
 
 
Petroleomics: relationship between the chemical                                


   composition of a fossil fuel and its properties 
              and reactivity. 


A.G. Marshall and R.P. Rogers, Acc. Chem. Res. 2004, 37, 53-59.  







Fuel Test Methods: 


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


At the top of the 
list for good 
reasons! 







ADC 
Apparatus, 


 
plus, what ever 
analytical 
instrument we 
can apply to a 
given problem. 







        


The new sampling adapter has 
been adopted as a product by 
Sigma-Aldrich, and is in the 
catalog. 
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3602 3638
4597 4598
4599 4600
4658 4877
5237 5245
5677 5916
6407 JP-8 4751
JP-8 6169 JP-8 3773
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Burger, J. L., Bruno, T.J., Application of the advanced distillation curve method to the 
variability of jet fuels, Energy & Fuels, 26, 3661 – 3671, 2012. 
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ADC of a Typical Kerosene 







This opens the door to add thermochemistry: 


• Since we have the composition of each 
fraction, estimate mole fractions of each 
component. 
 


• Calculate the fractional ΔHcom for each: 
                      -ΔHc   =   ∑xi(-ΔHi)  
   


• Calculate the ΔHc for the fraction 
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JP-8 + Camelina: 
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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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Helmholtz 
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So, what if I ignore the volatility       
(i.e., the distillation curve)? 


Volatility of S-8 
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Compound Name Enthalpy of 
Combustion, 
-ΔH,  kJ/mol 


% Molar 
Composition 


Fractional 
Enthalpy of 
Combustion, 


kJ/mol 
n-decane 6294.2 6.02 379.0 


2,3,6-trimethyloctane 6940.4 1.59 110.4 


(4-methylpentyl) 
cyclohexane 7376.5 1.34 99.1 


5-methyldecane 6952.7 1.43 99.5 


x-methyldecane 6952.7 2.74 190.2 


2-methyldecane 6952.7 2.20 152.8 


x-methyldecane 6952.7 2.69 187.0 


1-methyl-4-(1-
methylethyl)benzene 5549.8 1.43 79.5 


n-undecane 6903.6 15.77 1089.0 


5-methyl undecane 7567.8 1.82 137.7 


t-butyl benzene 5557.1 1.53 85.2 


3,7-dimethyl decane 5549.8 1.40 78.0 


1-methyl-2-(1-
methylethyl)benzene 5554.8 4.50 249.9 


n-dodecane 7513.7 18.18 1366.0 


2,6-dimethyl undecane 8182.9 3.79 310.3 


4-methyldodecane 8182.9 1.38 113.2 


2-methyldodecane 8182.9 2.45 200.7 


Add  
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Update on European Biofuel 
Specifications and Test Methods 







Summary 


• Since the last ICBS in 2009, a lot has 
changed in EU Directives and standards 


• Big steps towards E10 and B10 were made 
• The bio-palette has got more colour and so 
have our standards 
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History… 
• Until 1985 there were no European specifications 
• Starting 1985, EU policies emerged: 


– 85/210/EEC: lead and benzene / 85/536/EEC: oxygenates 
– Fuel Emission Directives air pollution by motor vehicles 
– Fuel Quality Directives (e.g. 98/70/EC): sets environmental 


specifications and analytical methods for petrol and diesel 
that enter the European market 


• In 1988, CEN received Mandate to create 
Standards for gasoline, diesel and LPG 
 
 


3 







EU Directives 
• Prepared by the Commission after consultation with 
its own and national experts, using a process 
known as Comitology. The draft is presented to 
the Parliament and the Council. 


• Political process, CEN is not involved! 
• However, CEN/TC 19 has informal communications 
with European Commission 
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CEN standards in response 


• Fuel specs, including test methods: 
• EN 14274: Fuels Quality Monitoring System 
• Followed by biofuel standards 
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Link CEN specs and FQD  


• CEN implements the FQD only partly 
• EN 228 and EN 590 are voluntary standards! 
• Countries can implement FQD in different ways 


– Some countries refer to EN 228 and EN 590 in law 
– Some countries implement the FQD in law by Decrees 
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Link CEN specs and FQD 
 
Example: EN 228 
Property Units Min Max Method 
RON 95,0 EN ISO 5164 
MON 85,0 EN ISO 5163 
Lead mg/l 5,0 EN 237 
Sulfur mg/kg 10,0 EN ISO 20846 


EN ISO 20884 
Copper strip Rating Class 1 EN ISO 2160 
Oxidation Minutes 360 EN ISO 7536 
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Mandates 


Political request from the European Commission 
(EC), agreed upon by the Member States 
addressed to CEN, in support of an action from the 
EC. This can be in support of legislative work 
such as a Directive or in support of an industrial 
policy action from the EC. 
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Mandates 
• M/245: FAME quality specification 
• M/344: Ethanol quality specification 
• M/393: FAEE quality specification (2006) 
• M/394: 10% FAME/FAEE in diesel fuel (2006 
• M/413: PAH content analysis of extender oil (2008) 
• M/430: Bio-based lubricants (2009) 
• M/475: Biomethane (2010) 
• M/…. on pyrolysis oil 
• M/… on algal oil (production) 
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Standards related to (bio)fuels 
• EN 228 (E10) 
• EN 15376: ethanol 
• CEN/TS 15293: ethanol (E85) fuel 
• EN 590 (B7) 
• EN 14214: FAME 
• CEN/TS 15940: paraffinic diesel fuel 
• EN 589: LPG 
• In progress: B10 and B30 


10 







Unleaded petrol 
• Manganese (as MMT): 


– FQD requires 6 mg/l now (and 2 mg/l in 2014) 
– EN 16135 (AAS) and EN 16136 (ICP-OES) 
–  further developed for diesel and for Fe 


• Vapour pressure waiver (as in FQD) 
•  CEN/TR 16145 on oxygenates blending 
• Ethanol according to EN 15376:2011 


– to be revised for lower chloride and sulfate contents 
• New octane panel allowed (awaiting ISO 
revision work) 
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Unleaded petrol 


• E10 specification (as by amended FQD): 
– major dispute on volatility vs. driveability requirements 
– extensive vehicle test programmes executed 
– “Leap day compromise”: 


E70 range +2% / E100 max + 1% 
VLI adapted accordingly 
local follow-up procedures in case of incidents 
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Unleaded petrol open issues 


• octane of high oxygenate fuels: 
– above 25%vol 
– measure or derived from other test results 


• methanol content of E85 
• applicability checks on many tests for E85 
• water content of ethanol and petrol (impact on 
corrosion prevention) 
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Biodiesel 


• EN 14214 for automotive and heating B100 
• up to B10 and B30 requirements 
• oxidation stability to 8 hours Rancimat 
• specific table for cold operability:  


– CP/CFPP and MG combination to be chosen by countries 
– correlation predicts SMG level 
– further explanation in Annex 







(Bio) diesel questions 
• PetroOxy oxidation stability test (EN 16091) limit 
related to field performance 


• acid number pass test for stability (FAME) 
• steryl-glycosides (by GC-FID and GC-MS) 
• saturated mono-glycerides  
• cetane and DCN measurement (paraffinic diesel) 
• total aromatics of paraffinic diesel 
• seizure protection guarantee of paraffinic diesel 
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Diesel discussions 
• sodium contribution to injector deposits 
• filter plugging tests vs. field issues 
• ash-forming metals in diesel 
• B10 specification as separate specification: 


– mandated by EC, indirect FQD relationship 
– discussion within EC why part of EN 590? 
– majority agreement during enquiry ballot to split 
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Biomethane 
• CEN/TC 408 works on it 
• Both for vehicle application as for gas grid 
introduction 


• Will use many natural gas methodologies 
• Bio-questions: siloxanes, microbes, methane 
number, sulfur, reference materials 
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Summary 


• Since the last ICBS in 2009, a lot has 
changed in EU Directives and standards 


• Big steps towards E10 and B10 were made 
• The bio-palette has got more colour and so 
have our standards 
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Thank you for the attention 
• EN 15944, Ni+Va in fuels by ICP-OES 
• EN 16091, Petroxytest 
• EN 16135/16136, Mn in petrol 
• EN 16144: FIT (2nd derived cetane test) 
• EN 16270, high boilers in petrol 
• EN 16294, phosphorus in FAME by ICP-OES 
• EN 16300, iodine value of FAME 
• EN 16329, CFPP by linear bath method 
• prEN 16476, ash forming elements in diesel 
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• Countries engaging into policy initiatives for biofuels: EU / Brazil / USA / Germany 
• Growing demand for biofuels, the needs of stakeholders, R&D activities. Make sure 
that what we get is what we are demanding for. How? 
• Sectors: automotive, aviation, biochemicals, new biofuels, etc.. 
• Concerns and challenges 
• The need of similar cooperation as the Task Force in 2007 (‘White Paper’). 
 


What we’ve learnt so far from the 4th ICBS 


Key word: Harmonization 


 “Biofuels is not just a commodity but an engineering element. It is an integrated part of 
the quality insurance system. International standardization is the key for success” 
(Anders Röj) 
“Bioethanol enables advanced, high efficiency engine technology” (Robert McCormick) 
“The need for standards: short term considerations, for instance” (Dermot Buttle) 
 







Where are we now?  







Standardization Process: what does theory tell us about it? 


 ‘Stick and carrot’ 
(Gregersen, 1992) 


“How could a commodity market exist in the absence of standards? Traders must be 
able to buy and sell large volumes without even viewing their trades. This is only 
possible if there is complete confidence about what it is that is being traded. That 
presumes a clearly defined standard grade, and certification that all produce traded 
meets that grade”. Swann (1999, p. 14) 
 


Standardization affects both innovation and technology diffusion, influences industry 
structure and thereby helps determine which firms benefit and which do not from 


technological change. Positive externalities of standards are associated to the perspective of 
interactive agents, learning effects, benefits for consumers related to the number of agents 


that utilize it. In the productive side, the standardization of a technology generates increasing 
returns, referred to the accumulation of knowledge and capabilities and reducing costs. 


Technology standards are also beneficial for facilitating the interconnection and the formation 
of wider nets, besides reducing risks faced by consumers of the new technology  


(Lundvall, 1992; Cowan and Cowan, 1998; Bassanini and Dosi, 1998; Shapiro and Varian, 1999; Tassey, 2000). 
 


 ‘Window of 
Opportunity’  


(Perez and Soete, 1998) 







The Standardization Process of Biofuels 


• EURAMET (2009): the most important roles NMIs should play in order to provide the 
necessary support for the sustainability of biofuels, are as for instance: (i) the 
development and validation of measurement methods for both physical and 
chemical parameters; (ii) the development of CRMs; (iii) the development and 
validation of quality indicators; (iv) the development and validation of metrological 
methods and systems to determine their origin; (v) life cycle assessment (LCA). 
 
• UN-Energy (2007): “International standards and certification/assurance systems are 
critical to ensure that bioenergy is produced using the most sustainable methods 
possible”; 
 


• IEA (2011): proliferation of standards, increasing the potential for confusion, 
inefficiencies in the market and abuses such as “shopping” for standards that meet 
particular criteria.  


Initial focus of case study : collaboration Inmetro-NIST for the development of CRMs 







Why assess the impacts? 


Economic Role and  
Policy Analysis


Strategic Planning


Economic Impact 
Assessment


•Availability of resources 


• New role assignments


        


• Long-term technology & economic trends


•Major investment opportunities


• Planning methods and processes


• Technology underinvestment rationales


• Alternative policy response mechanisms


• Importance to economic growth policy


• Qualitative & quantitative data on industry  
impacts


• Programmatic impacts on strategic planning 
and  policy development


Adapted from Tassey (2003) 







Impact assessment: methodological approach 


 Use multidisciplinary consultant teams that include: 
technologists; industry analysts; economists/financial analysts;  
survey design specialists 


 Apply and adapt conventional techniques of technology 
assessment and microeconomic/financial analysis 


  Metrics selection depends on nature of activity supported 
portion of  technology life cycle studied 


  Retrospective X Prospective Study 


  Real-time vs. counter-factual analysis  


Adapted from Tassey (2003) 







Counterfactual 


X 







Impact assessment: screening process 


•  Indications that specific impacts  on industry can be observed for at least 3 
years; 


• Technology should not be have been discontinued at least until 3 or 4 years 
before the beginning of the study;  


• Technology must have affected at least one industry (preferably more than 
one);  


•  The existence of explicit evidence that the NMI exerted a key role in the 
process that hypothetically is assumed as having promoted the observed 
impacts;  


• Indications that industry supports the role of the NMI and, therefore, is willing 
to contribute to the study, especially to respond surveys that may be applied 


Adapted from Tassey (2003) 







Survey 


• Basic Demographics 
 
• Intensity/Importance of Biofuels 
 
• Open-ended challenges/gaps to be addressed 







Cross-tabs/Correlations of Interest  


• Demographics 
• “Multiple hats” 
• Size 


• Intensity of Biofuels 
• Overall vs. standards/metrology 
• Conferences ( ̴  20 in the last 5 years)  
• International Markets 


• Challenges/Gaps 
• General importance of standardization/metrology 
• Keys words of remaining gaps/challenges 







Quick Takeaways  


• Diversity in demographic characteristics 
• Bi-modal intensity of resources to standards/metrology 
• Strong participation in meetings and conferences 
• Consensus growth involving international markets 
• “Harmonization” 
• Composition vs. performance/functionality   







Next steps and Input Needed  


• Prioritize the assessment 
•  Retrospective 
•  Prospective (gap analysis) 


 
• About that counterfactual… 


•  Can we hear from someone other than economists/statisticians? 
•  The role of new emerging markets 







Thank you! 
 


Questions and comments are welcome 


 


 tlsouza@inmetro.gov.br 
Stephen.campbell@nist.gov 
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Collaborative governance in 
global problem-complexes 
• New global long-term problems 


• Such as asset replacement from fossil to 
renewable energy adressing climate 
change, energy security and socio-
economic issues 


• Who writes the rules? 
• States capacity no longer sufficient 
• Increasing role of corporations, non-


profits and diverse stakeholders 







The RSB issue network 







Governance triangle 


PROFESSIONs 


A third dimension? 







Professions in international 
governance 
• Provide means of coordination and 


communication across domains 
• Science-based methods 
• Professional networks 


• Provide time horizons extending 
beyond business and political cycles 


• Spatial horizons?? 
• Conditions for these qualities to 


become effective 
 







MET CMS 


ENG 


CMS=Chemists and Material Sciences 
MET=Metrology 
ENG=Engineering Mechanical 
ESA=Environmental Assessment Sciences 


ESA 


Environmental and socio-
economic  
impact standards 


International  
biofuel standards  
problem complex 


Fuel quality 
standards and 
technical 
specifications 


Development of 
materials standards 
and measurement 
methods 


International biofuels standards community 







What may a network look 
like? 
What may a professional 
network look like? 



























1995 































Some important conditions 


• Coordination capacity relies on 
• Political and financial support 
• Key players and focal institutions  
• Responsiveness to public controversy 
• Coalition-building across domains and 


skills-sets 
• International community-building 
• Cohesion and connectivity of networks 


• Cohesion=capacity to implement new rules 
• Connectivity=capacity to get new ideas 







Methods 


• Interviews  
• Observation 
• Biographical analysis (CV data) 
• Possibly network survey 





		Professional Networks as Actors in the Global Economy

		Collaborative governance in global problem-complexes

		The RSB issue network

		Governance triangle

		Professions in international governance

		Slide Number 6

		What may a network look like?

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19

		Some important conditions

		Methods



