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Goal:	  beIer	  
fuels	  and	  beIer	  

vehicles	  
sooner	  

Fuel	  and	  Engine	  	  
Co-‐Op6miza6on	  

o  What	  fuel	  proper6es	  maximize	  
engine	  performance?	  

o  How	  do	  engine	  parameters	  
affect	  efficiency?	  

o  What	  fuel	  and	  engine	  
combina6ons	  are	  sustainable,	  
affordable,	  and	  scalable?	  
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30%	  per	  vehicle	  
petroleum	  

reduc6on	  via	  
efficiency	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  and	  	  
displacement	  
	  

source:	  EIA	  2014	  reference	  case	  
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Parallel	  efforts	  are	  underway	  

Low	  reac6vity	  fuel	   High	  reac6vity	  fuel	  Range	  of	  fuel	  proper6es	  TBD	  

Thrust	  I:	  Spark	  Igni-on	  
(SI)	  

Thrust	  II:	  Advanced	  Compression	  Igni-on	  (ACI)	  
kine-cally-‐controlled	  and	  compression-‐igni-on	  combus-on	  



6	  6	  Applicable	  to	  	  
light,	  medium,	  and	  heavy-‐duty	  engines	  

hybridized	  and	  non-‐hybridized	  powertrains	  
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Six integrated and coordinated teams 

Low	  Greenhouse	  
Gas	  Fuel	  Produc-on	  

Advanced	  Engine	  
Development	  

Market	  
Transforma-on	  

Fuel	  
Proper-es	  

Life-‐cycle,	  techno-‐	  
economic,	  and	  

feedstock	  analyses	  

Modeling	  and	  
Simula-on	  Tools	  
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Leveraging	  exper6se	  
and	  facili6es	  from	  	  
9	  U.S.	  Na6onal	  Labs	  	  
and	  (star6ng	  in	  2017)	  
leading	  universi6es	  
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Integrated	  
mul6-‐lab	  teams	  
with	  significant	  

external	  
stakeholder	  
engagement	  

8	   Biofuel	  
companies	  

13	  
Light	  and	  heavy	  
duty	  vehicle	  	  
manufacturers	  

10	   Oil	  companies/	  
refiners	  

End	  consumer	  
organiza-ons	  2	  

Regulatory	  	  
agencies	  4	  



10	  10	  R&D and commercialization targets  



11 





What fuels do engines want? 



Spark	  igni-on	  	  
(gasoline)	  –	  Thrust	  I	  

Compression	  igni-on	  
(diesel)	  –	  Thrust	  II	  	  

Advanced	  Compression	  	  
Igni-on	  (ACI)	  –	  Thrust	  II	  

Fundamentally	  different	  combus6on	  dynamics	  
require	  different	  fuel	  proper6es	  
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For K = -0.5
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For K = -0.5
Engine performance merit function 

•  Merit function being developed and refined 

–  Are these the right fuel properties? 

–  Are their effects properly quantified? 

•  We’ll test the central fuel hypothesis using biofuels with different 
structures / functional groups than petroleum fuels 
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HoV can be important for DI at high intake temperatures 
Upstream	  injected	  (UI)	  100	  RON,	  S	  ≈	  11	  fuels	  have	  higher	  peak	  IMEP	  at	  constant	  CA50	  than	  iso-‐
octane	  (RON	  100,	  S	  =0),	  and	  HoV	  has	  liIle	  effect	  (S	  is	  dominant)	  
•  Direct	  injec-on	  (DI)	  of	  iso-‐octane	  has	  HoV	  benefit,	  but	  less	  than	  S	  ≈	  11	  effect	  

•  DI	  of	  S	  ≈	  11	  fuels	  also	  has	  HoV	  benefit,	  which	  increases	  with	  manifold	  temp.	  



What fuels can we make? 
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Fuel selection criteria (“decision funnel”) 



  20 

Fuel candidate blendstock evaluation 

Fuel	  candidates	  will	  be	  evaluated	  as	  
blendstocks	  in	  petroleum-‐based	  
blendstocks	  
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Fuel property database 
Database	  of	  cri-cal	  fuel	  proper-es	  of	  
bio-‐derived	  and	  petroleum	  blendstocks	  
>	  400	  molecules/mixtures	  (at	  present)	  

25	  database	  fields	  for	  fuel	  proper-es	  

Includes	  capability	  for	  fully	  blended	  fuels	  

Data	  from	  experiment	  and	  literature	  or	  
calculated/es-mated	  (where	  needed)	  

Shared	  resource	  for	  team	  and	  public	  



  22 

Identification of Thrust I candidates 
Tier	  I	  criteria	  
Mel-ng	  point/cloud	  point	  below	  -‐10°C	  
Boiling	  point	  between	  20°C	  and	  165°C	  
Measured	  or	  es-mated	  RON	  ≥	  98	  
Meet	  toxicity,	  corrosion,	  solubility,	  	  
and	  biodegrada-on	  requirements	  

>	  40	  promising	  bio-‐blendstocks	  from	  
many	  func-onal	  group	  classes	  

Not	  final	  –	  this	  is	  an	  itera-ve	  process!	  
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Current Thrust I blendstock candidates 



What will work in the real world? 

Which options are economical, scalable, sustainable,  
and compatible? 



25	  25	  Assessing Candidate Viability 



26	  26	  Analysis of 20 representative candidates 



27	  27	  Integrated analysis tools and approach 
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Assessing 
Candidate 
Viability 



How do we co-optimize? 

Identifying the best options, subject to many constraints 
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Approach 

Need	  to	  explicitly	  account	  for	  	  
uncertainty	  
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Numerically optimized merit function 



Thank You 


