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ORNL IS THE LARGEST UNITED STATES MULTI-PROGRAM SCIENCE 
AND ENERGY LABORATORY WITH CORE MISSION OF 
TRANSITIONING SCIENCE TO SOLUTION 

“ORNL's mission is to deliver scientific discoveries and technical 
breakthroughs that will accelerate the development and deployment of 
solutions in clean energy and global security, and in doing so create 
economic opportunity for the nation.” 
Source:  http://www.ornl.gov/ornlhome/about.shtml 

http://www.ornl.gov/ornlhome/about.shtml
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TRANSPORTATION FACES UNIQUE CHALLENGING CRITERIA 
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research must 
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CURRENT TRANSPORTATION CHALLENGE = FUEL ECONOMY 

• US is rapidly ramping up 
fuel economy standards 

• Last-to-first approach 
within next 10 years  

• opportunity for 
research, 
development, and 
change 

Source: http://www.theicct.org/info-tools/global-passenger-vehicle-standards 
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MEETING THE DESIGN CRITERIA HAS BEEN THOUGH GASOLINE ENGINES 

• US LD market is 99% 
spark ignited 
“gasoline” powered  

• Improvement to 
gasoline & gasoline 
engines preset the 
most meaningful 
strategy going forward 
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ETHANOL-GASOLINE BLENDS ARE SUBJECT TO THE 3-RING CIRCUS  

• Consumers pay more per mile to use E85 

• Mid level blends offer a path for increased consumer draw to ethanol though 
increased efficiency, and performance  
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KNOCK FUNDAMENTALLY LIMITS SI ENGINE EFFICIENCY, IT HAS BEEN KNOWN AND 
STUDIED FOR A CENTURY, IT IS STILL AS RELEVANT TODAY AS THEN 

Surece:Automotive Industries, Volume 38, 1918 
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𝑾 = �𝑷 𝒅𝒅 

COMPRESSION RATIO COUPLES EFFICIENCY AND KNOCK TOGETHER 

Efficiency Paradox: need high 𝒓𝒄 for efficiency, but without knock  

Increase 𝒓𝒄 = increase W 
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HISTORY HAS SHOWN A TIGHT COUPLING OF FUEL CHEMISTRY WITH ENGINE 
COMPRESSION RATIO, SINCE 1980 THERE HAS BEEN A DIVERGENCE 
• Historically fuel 

improvements have 
enabled engine 
improvements 

• Removing lead 
halted this process 

• Since 1980 fuel has 
been stagnant 

• Improvement have 
been from the 
engine alone 
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INDUSTRY TREND IS TO LEVERAGE “OTHER” FUEL PROPERTIES WITH A 
POWERTRAIN SYSTEM LEVEL APPROACH TO IMPROVE FUEL ECONOMY 
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These technologies are 
synergistic with ethanol 

Source: EPA 2014 LD Trends ; CRC 548, 566, 587, 619 
http://www.bosch-presse.de/presseforum/details.htm?txtID=6406&locale=en 
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TEL IS A VERY EFFECTIVE OCTANE BOOSTER, SO IS ETHANOL  

• TEL and ethanol can “upgrade” low quality fuel (e.g., BOB fuels) 
• How can we use ethanol to achieve comparable higher octane fuels? 

Source: Forster and Klein SAE 620043, Porter and Wiebe 1952 
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E85 IS A HIGH OCTANE FUEL, WHY DO WE NEED A “NEW” BLEND? 
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E85 

• If octane number is the only concern 
then E85 is a great choice! 

• Get 2/3 of octane increase in first 1/3 
of ethanol addition (i.e., non-linear) 

• Fuel energy reduces lineally with EtOH 
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TOTAL APPROACH TO ESTIMATE VEHICLE PERFORMANCE AND SYSTEM 
EFFICIENCY FROM FUNDAMENTAL MEASUREMENTS 

• ORNL currently spanning high octane fuels work from single 
cylinder research engines to full vehicle experiments. 

Engine-system 
Metric: Output shaft efficiency 

Full vehicle 
Metric: Fuel economy 

Fundamental combustion 
Metric: Indicated efficiency 
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E30 ENABLED A GREATER INCREASE IN PEAK ENGINE TORQUE THAN PREDICTED 
BY OCTANE NUMBER IMPROVEMENT 

• Peak load trends with octane number 

• Low octane fuels knock at lighter loads 
– Reduces powertrain configurations & 

efficiency potential  
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Splitter and Szybist: Energy&Fuels 2013,SAE 2014-01-1231 

• E30 is more effective at mitigating knock than 
octane number alone suggests 

• E30 knock behavior isn’t fully understood 
– Octane sensitivity, heat of vaporization, flame speed, 

pressure sensitivity, ethanol-specific kinetics, etc… 

• System efficiency benefits (DS + DS) 

Optimize fuel and Engine together NOT an FFV 
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HIGHER PEAK TORQUE FOR E30 CAN ENABLE FUEL ECONOMY BENEFITS 
(EFFICIENCY OUTPACES ENERGY DENSITY PENALTY), IMPROVED SYSTEM EFFICIENCY 

• DS + DS options with high 
compression are more limited 
for low octane fuel 

• E30 enabled potential for much 
more aggressive DS + DS 

“Renewable Super 
Premium” (E30) Steady cruise at 65 mph 

(16 kW brake power) 

Note: This analysis is simplistic and is meant to illustrate trends of downsizing and 
downspeeding.  These results are not quantitatively representative for all driving cycles. 

Standard Configuration A 
Aggressive Downspeeding B 
Aggressive Downsizing C 
Aggressive Downsizing 
and Downspeeding 

D 

 
  

 

Regular Gasoline
E30

 

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

10
20

34

28
30

32

1200 1600 2000 2400 2800 3200
0

200

400

600

800

1000

1200

1400

1600

1800
 

 

B
M

EP
 (k

Pa
) (

FM
EP

 c
or

re
la

te
d)

Speed (r/min)

0

8

16

24

32

37
BTE (%)*

*FMEP correlated

87AKI + 15% EGR

          

2.0L

1.2L

AA

B

Downspeed

Downsize

C

D

Downsize+speed

Regular Grade Gasoline 

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

10

34

20
28

30
32

34

36

1200 1600 2000 2400 2800 3200
0

200

400

600

800

1000

1200

1400

1600

1800
 

 

B
M

EP
 (k

Pa
) (

FM
EP

 c
or

re
la

te
d)

Speed (r/min)

0

8

16

24

32

37
BTE (%)*

*FMEP correlated

E30 + 15% EGR

2.0L

1.2L

AA

B

Downspeed

Downsize

C

D

Downsize+speed

A 
B C 

D 

A 
B C 

D 

Benefits can Enable Higher Fuel Economy for High Octane 
Blends Despite Energy Density Penalty  

N
ot

 P
os

si
bl

e 

Splitter and Szybist: Energy&Fuels 2013 
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TAKEAWAYS 

• Engines and fuels are fundamentally coupled 

• High octane fuels offer the potential for increasing engine efficiency 
– Ethanol is an attractive means to increase octane number 

• Intermediate ethanol-gasoline blends offer the potential for increasing octane 
number with bio-derived products in a demonstrated and known manner 

• Specifying “THE” fuel should not be the end goal 
– Focus on fuel performance;  New fuel spec for “RSP” should relate to engine 

anti-knock performance, not necessarily Exx. 
• Performance specification can likely be met with array of components 

(ethanol, butanol, bio-derived HCs, refinery streams) 
• Need to make data based decisions on future fuel formulations that 

compliment policy and consumer requirements with technology 

• Automotive and fuel industries need make a partnered effort to bring new 
high octane optimized high-efficiency engines to market 
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• Technical Backup Slides Questions 
 
 

Derek Splitter: splitterda@ornl.gov 
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