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Overview

Better fuels. Better engines. Sooner.

NOTICE: This webinar, including all audio and images of participants 
and presentation materials, may be recorded, saved, edited, 
distributed, used internally, posted on DOE’s website, or otherwise 
made publicly available. If you continue to access this webinar and 
provide such audio or image content, you consent to such use by or 
on behalf of DOE and the Government for Government purposes and 
acknowledge that you will not inspect or approve, or be compensated 
for, such use.
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Co-Optima draws on national expertise

DOE Offices

National Laboratories

University Partners

Industry Partners



• Focus on liquid fuels

• Identify blendstocks

• Consider non-food-based 
biofuel feedstocks 

• Assess well-to-wheels 
impacts for biofuel options

• Provide data, tools, and 
knowledge
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Seeking sustainable fuel-engine combinations
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On-road transportation from light-duty to heavy-duty

MEDIUM / HEAVY-DUTY
• Near term: Diesel combustion
• Longer term: Advanced compression 

ignition

LIGHT-DUTY
• Near term: Turbocharged spark-

ignition combustion 
• Longer term: Multi-mode combustion



Capstone webinar series

https://www.energy.gov/eere/bioenergy/co-optima-capstone-webinars
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How can co-optimized fuels and spark-ignition
engines enhance efficiency while reducing carbon 
emissions of light-duty passenger vehicles?

How can fuels and combustion reduce pollutants 
from future diesel engines?

What environmental and economic benefits might be 
realized by co-optimizing fuels and spark-ignition 
engines for light-duty passenger vehicles?
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What environmental and economic benefits might be 
realized by co-optimizing fuels and engines for 
medium-duty and heavy-duty commercial vehicles?

What unconventional engine-fuel combinations 
show the greatest promise for efficiency improvements 
beyond current LD/MD/HD technologies?

Co-optimization of fuels and engines: past, present, 
and future—what did we learn and where do we 
go next?
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Goal
Identify fuel-engine combinations 
offering higher efficiency in 
turbocharged gasoline engines



8

• Increased efficiency 
lowers fuel consumption 
and carbon emissions

• Improved fuel properties 
can increase engine 
efficiency

• Chemical structure-
fuel properties-engine 
performance relationships 
enable identification of 
more efficient 
fuel-engine combinations

GOAL   Increase light-duty fleet efficiency

Tg = teragramEJ = exajouleSource: 2017, DOT
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GOAL   Co-optimize fuels and engines, determine impacts

What fuels do 
engines really want?

What fuel options 
work best?

What will work in the 
real world?



Key Takeaways
Fuel properties enable 
higher efficiency



• Highest impact on efficiency:
• Research octane number (RON)
• Octane sensitivity (S)
• Heat of vaporization (HoV)

• Blendstocks with highest potential for improvement:
• Alcohols
• Iso-olefins
• Alkylfurans

• These can be derived from sustainable sources with reduced life cycle 
greenhouse gas (GHG) emissions
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TAKEAWAYS   What fuel properties are most important?



Research Approach
Connect engine performance 
to fuel properties to fuel chemistry



Hypothesis: 
Equivalent fuel 
properties result 
in equivalent 
performance
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APPROACH   Link properties to engine efficiency

• Took a fuel properties-based, composition-
agnostic approach

• Considered new engine designs needed to 
realize benefits

• Developed merit function to quantify benefit 
potential with properties



Fuel Property Considerations

• Fuel candidates screened for 
>15 qualifying properties

• Detailed analysis conducted 
on 6 properties for engine 
optimization

Engine Optimization 
Considerations 

• >6 engine technologies 
considered for co-optimization
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Fuel and engine considerations

https://doi.org/10.1016/j.pecs.2020.100876

https://doi.org/10.1016/j.pecs.2020.100876


• Engines are most efficient 
at high load, low speed

• These are also conditions 
that exacerbate knock and 
limit efficiency

• Fuels that resist knock can 
provide higher engine 
efficiency
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Knock limits engine efficiency
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BMEP = brake mean effective pressure, a measure of load



What causes knock?

16

Knock in unburned gas is promoted by increased temperature, pressure, and time



• Fuel property effects on brake engine efficiency quantified  

• Fuel effects on gaseous and particulate emissions quantified separately
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Engine
Efficiency

Losses Due 
to Friction

Losses Due to 
Unburned Fuel

Losses Due
to Air Flow

Losses Due to
Heat Transfer

Theoretical 
Thermodynamic

Efficiency

APPROACH   Analyze contributions to efficiency



• Considered optimization of 
engine hardware for 
changing fuel properties

• Fuel properties that 
mitigate knock can deliver 
highest efficiency

• Research octane 
number (RON)

• Octane sensitivity
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APPROACH   Determine efficiency potential of properties



• New 3D computational fluid 
dynamics model can 
predict knock-limited spark 
advance (KLSA)

• HOV affects KLSA and 
knock tendency through its 
cooling effect in the end-
gas region

• SL has significant impact 
on combustion phasing, 
which in turn affects end-
gas auto-ignition and knock 
onset 19

APPROACH   Model fuel property effects on knock

Laminar flame speed (SL)Heat of vaporization (HOV)

IMEP = indicated mean effective pressure, a measure of load



• Developed new tools 
linking chemistry to 
properties

• Identify candidate biofuels 

• Some tools available to 
public
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APPROACH   Establish structure-property relationships

https://github.com/sandialabs/FeatureCreature
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What biomass 
and waste-derived 
blendstocks 
contribute desired 
fuel properties?

APPROACH   Identify bioblendstocks



• Techno-economic and 
wells-to-wheels life cycle 
analyses inform biofuel 
research

• Validated models linked by 
analysts to answer 
complex questions on 
impacts
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APPROACH   Evaluate impacts



Notable Outcomes
Fuel-engine co-optimization 
can achieve 10% efficiency gains



• Many blendstock 
options enable 
increased efficiency 
and reduced emissions

• Most important fuel 
properties ꟷ RON, S, 
HoV

• Durable methodology 
to guide future fuel 
development
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OUTCOMES   Improving efficiency and reducing GHG
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OUTCOMES   Merit function points way
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OUTCOMES   Many blendstock options

• All have high 
RON, S

• Smaller 
alcohols also 
have high HoV

• RON for these 
blendstocks 
blend 
synergistically

Top 10 Bioblendstocks for Boosted SI Report: https://www.osti.gov/servlets/purl/1567705



• Wide range of well-
to-wheels GHG 
emissions reductions

• Top candidates all
reduce GHG 
emissions 
by >50%

• Petroleum gasoline 
emissions are 
~90 gCO2 / MJ

OUTCOMES   Biofuels reduce GHG emissions
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Next Steps



• Scaling up for commercial 
production

• Overcoming adoption 
barriers

• Bringing fuels with 
improved properties—and 
engines designed to use 
them—to the marketplace
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Realizing the potential

https://doi.org/10.1039/d0ee00716a

https://doi.org/
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Capstone webinar series
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Q & A

Dan Gaspar
Pacific Northwest National Laboratory
daniel.gaspar@pnnl.gov

Jim Szybist
Oak Ridge National Laboratory
szybistjp@ornl.gov

energy.gov/fuel-engine-co-optimization

energy.gov/eere/bioenergy/co-optima-publications
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https://www.energy.gov/eere/bioenergy/co-optimization-fuels-engines
https://www.energy.gov/eere/bioenergy/co-optima-publications

	How can co-optimized fuels and engines enhance light-duty vehicle efficiency while reducing carbon emissions?
	Overview
	Co-Optima draws on national expertise
	Seeking sustainable fuel-engine combinations
	On-road transportation from light-duty to heavy-duty
	Capstone webinar series
	Goal
	GOAL: Increase light-duty fleet efficiency
	GOAL: Co-optimize fuels and engines, determine impacts
	Key Takeaways
	TAKEAWAYS: What fuel properties are most important?
	Research Approach
	APPROACH: Link properties to engine efficiency
	Fuel and engine considerations
	Knock limits engine efficiency
	What causes knock?
	APPROACH: Analyze contributions to efficiency
	APPROACH: Determine efficiency potential of properties
	APPROACH: Model fuel property effects on knock
	APPROACH: Establish structure-property relationships
	APPROACH: Identify bioblendstocks
	APPROACH: Evaluate impacts
	Notable Outcomes
	OUTCOMES:    Improving efficiency and reducing GHG
	OUTCOMES: Merit function points way
	OUTCOMES: Many blendstock options
	OUTCOMES: Biofuels reduce GHG emissions
	Next Steps
	Realizing the potential
	Acknowledgements
	Capstone webinar series
	Slide Number 32



