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PETROLEUM ASCENDENCY 
 For over 100 years the internal combustion engine 

has dominated the vehicle power landscape 
 Two fuels have almost exclusively provided the 

power 
 Gasoline 
 Diesel 

 These fuels have several advantages 
 Widespread availability 
 Fuel 
 Retailers 
 Vehicles 

 Regulatory incumbency 



NEW FUELS 
 Any new fuel or new fuel component has to 

address infrastructure and regulatory 
advantage that being first confers on 
petroleum. 

 Fuels can  
 Be compatible with the existing infrastructure  
 Drive modifications to the infrastructure 
 Develop a parallel infrastructure 

Market Triangle 



WHAT IS THE 
MARKET? 

 From the automaker 
perspective, the US, Canada 
and California are one market 

 The same vehicles are sold in 
each market 

 The fuels are almost the same 
 The dispensers are the same 
 The regulations are similar 

enough that the same vehicle 
can typically satisfy each 



WHAT IS THE ENVIRONMENT A NEW FUEL MUST 
NAVIGATE? 

Any new fuel will have to address the concerns 
of an extensive set of participants 
 Vehicles and equipment 
 Legacy 
 Prospective 

 Dispensers 
 Legacy 
 Prospective 

 Pipelines 
 Federal regulations 
 State regulations 
 ASTM standards  
 Stakeholder concerns 



THERE IS A HIERARCHY OF POTENTIAL NEW 
FUELS 
This hierarchy ranges from the familiar to the exotic 
 Molecules currently found in gasoline/diesel 
  
 Novel HCs 
  
 Ethanol 

 
 Other conventional oxygenates 
 higher alcohols 
 ethers 

 
 Novel oxygenates 
   
  



EXAMPLES OF NOVEL OXYGENATES 

Courtesy of R McCormick, NREL 



THERE IS A HIERARCHY OF POTENTIAL NEW 
FUELS 
This hierarchy ranges from the familiar to the exotic  - 
and back 
 
 Biodiesel (FAME, FAEE) 
 
 Nitrogenates 
 Analines 

 
 Methanol 
 
 CNG 
 
 LPG 
   
  



VEHICLES AND EQUIPMENT 
 In general, molecules currently found in gasoline and diesel are not 

an issue 
 Fuel blends consisting of pure paraffins may present sealing 

concerns, particularly with small engines and older equipment 
 Ethanol is a well studied fuel and equipment capabilities are 

typically addressed in owners manuals 
 Impurities are a concern as concentrations exceed 10% 

 Higher alcohols would need some materials evaluation 
 The small engine / marine community has supported butanol 
 Commercial products may have interesting impurities; historically 

acetone was co-produced with butanol  
 Higher alcohols are limited to 3.5% oxygen except for FFVs 
 Some higher alcohols may be suitable for diesel blending but have 

not been evaluated 
 Ethers are widely used outside the US without concerns 
 Concentrations are typically controlled by a maximum oxygen 

content of 2.7% 
 
 

 



VEHICLES AND EQUIPMENT 
 Fatty Acid Esters (biodiesel) are used around the world and 

equipment capabilities are typically addressed in owners manuals 
 Compliance with specifications is a continuing issue 

 Novel oxygenates require investigation depending on the molecule 
 Materials compatibility and deposits are potential concerns 
 Oxygen content limits 

 Methylal (C3H8O2) has been found in gasoline overseas 
 Its use has been associated with vehicle issues 

 Anilines have been used overseas as octane boosters 
 These have not been evaluated 

 Most new and legacy vehicles do not allow methanol.  A few allow 
up to 5%. 

 The vehicle owners manual provide guidance 

 Vehicles designed to higher methanol levels exist in China 
 
 
 

 
 
 

 



DISPENSERS AND STORAGE TANKS 

 Molecules currently found in gasoline and diesel are not an issue 
 There are new and legacy dispensers that are listed for ethanol 

blends up to E10, up to E25 and up to E85 blends 
 Storage tanks and other hardware need to match 

 Higher alcohols are not specifically addressed 
 NREL is evaluating 
 Blends acceptable to all vehicles and equipment should not be a 

challenge 
 Ethers at customary levels are not an issue 
 Compliant biodiesel blends are not an issue 
 Novel oxygenates including Methylal (C3H8O2) have not been 

evaluated 
 Anilines have not been evaluated 
 There are no new or legacy dispensers that are listed for methanol 

blends 
 



PIPELINES 

 Pipeline have several concerns 
 Corrosion including stress corrosion cracking 
 Water tolerance 
 Tailback (contamination of other products) 

 Molecules currently found in gasoline and diesel are not an issue 
 Ethanol has both corrosion and water concerns but is shipped in a 

couple of pipelines 
 One company has claimed that higher alcohols can be shipped 
 No examples to date 

 Ethers at customary levels are not an issue 
 Biodiesel blends have tailback concerns but are shipped in some lines 
 Novel oxygenates including Methylal (C3H8O2) have not been 

evaluated 
 Anilines have not been evaluated 
 There are no public evaluations of Methanol blends 

 
  



FEDERAL REGULATIONS 

 Molecules currently found in gasoline and diesel are not an issue 
 Fossil sourced – No concerns 
 Renewable sourced – Registration likely required 

 Ethanol blends up to E10 are approved for all vehicles, blends up to 
E15 are approved for some vehicles, blends up to E85 are approved 
for FFVs 
 Waivers and registration are likely required to expand this 

 Higher alcohols 
 Waivers exist for use in gasoline at up to 2.7% and 3.5% oxygen 
 Registration is required  

 Ethers have a waiver for up to 2.7% oxygen 
 Biodiesel blends are allowed 
 Novel oxygenates, Methylal and Anilines would all have to go 

through the waiver registration process 
 Methanol has waiver at 5% with co-solvent and corrosion inhibitor 



STATE REGULATIONS 

 Canada and some states and provinces have regulations regarding 
fuels 

 Examples include:  
 Ethanol maximums and minimums 
 Biodiesel minimums 
 Ether prohibitions 
 Very low Methanol limits 
 …. 
 

 California stands out as having particularly restrictive regulations on 
the introduction of new fuels and components 
 “Multimedia analysis” with a ~6 year timeline 
 



ASTM STANDARDS 
 Molecules currently found in gasoline and diesel are not an issue 
 Large amounts of single molecules may adversely affect distillation 

properties 
 There are specifications for fuel ethanol and high ethanol blends with 

gasoline.   
 Blending with gasoline is allowed within the existing performance limits 
 Impurities are a concern as are effects on distillation 

 There one specification for a higher alcohol 
 Blending with gasoline is allowed within the existing performance limits 

 Blending Ethers is allowed within the existing performance limits 
 Specifications for B100, blends up to B20 and blends up to B5 exist 
 Novel oxygenates including Methylal allowed within the existing 

performance limits 
 Pure component specifications would be needed 

 Anilines would require specification revision 
 There are specifications for fuel methanol and M85 blends with gasoline 
 Blending with gasoline is allowed within the existing performance limits 
 



CONCLUSIONS 

 There are a variety of alternatives to petroleum fuels 

 The applicability of these fuels to the existing physical and 
regulatory environment varies widely 

 Some fuels clearly require a new distribution and vehicle 
infrastructure 

 Other fuel components are novel and require testing to determine 
infrastructure and regulatory applicability 

 Test data is needed for equipment approval, new and revised 
specifications, and to work through the regulatory process 

 Testing of fuels with significant unknowns should begin well in 
advance of any implementation decisions to ensure market access 
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