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Goal: better 
fuels and 

better vehicles
sooner

Fuel and Engine 
Co-Optimization

o What fuel properties maximize 
engine performance?

o How do engine parameters affect 
efficiency?

o What fuel and engine 
combinations are sustainable, 
affordable, and scalable?



Key Co-Optima Research Questions
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Two Parallel R&D Projects
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Light-Duty Medium/Heavy-Duty

Boosted SI Mixing Controlled Kinetically
Controlled

Multi-mode SI/ACI

Near-term Near-termMid-term Longer-term

Higher efficiency 
via downsizing

Even higher efficiency 
over drive cycle

Improved engine 
emissions

Highest efficiency and 
emissions performance



Project Timeline
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High-level goals and outcomes
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Approach
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Objective: identify fuel 
properties that optimize 

engine performance, 
independent of 

composition,* allowing the 
market to define the best 

means to blend and provide 
these fuels

* We are not going to recommend 
that any specific blendstocks be 

included in future fuels



Brings Together National Leadership and Expertise

Team:
• 9 national laboratories
• 13 universities
• An open funding opportunity 

in FY 2018 will bring in 
additional university and 
industry partners
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Foundational Technical Questions
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Question 1: What fuels do engines really want?
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Approach:

Conduct engine 
experiments and 

simulations that delineate 
fuel property impacts on 

engine performance

Focus: boosted SI engines



What Limits Engine Efficiency?
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• Engines are most 
efficient at high 
load, low speed

• These are also 
conditions that 
exacerbate knock 
and limit efficiency

• Fuels with high 
octane number 
(RON/MON) are 
able to mitigate 
knock, providing 
higher efficiency





Fuel Properties Impacting Boosted SI Efficiency
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https://www.energy.gov/sites/prod/files/2018/02/f48/Co-Optima%20Merit%20Function%20Report%2067584_2.pdf



Foundational Technical Questions
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Initial Boosted SI Blendstock Evaluation (2017)
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Initial Boosted SI Blendstock Evaluation (2017)
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Understanding Blending Effects

• Many blendstocks exhibit beneficial non-
linear blending behavior

o “Effective” blending number is 
higher than pure component’s

• Value proposition:

o Determine molecular basis for non-
linear RON and S blending 

o Identify blendstocks with greatest 
potential to impart advantageous 
properties
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RON Blending Behavior
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Capitalizing on Synergistic Blending
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Current Boosted SI Blendstock Evaluation
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Foundational Technical Questions
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Goal: identify key vehicle/infrastructure constraints
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Analysis answers key questions to inform R&D
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Goal: Identify Key Bioblendstock Research Challenges
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Key Analysis Takeaways
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Key Analysis Takeaways
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Key Analysis Takeaways

28



More Info Available
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https://www.energy.gov/eere/vehicles/annual-merit-review
https://www.nrel.gov/docs/fy17osti/67595.pdf
https://www.energy.gov/sites/prod/files/2018/04/f50/Co-Optima_YIR2017_FINAL_Web_180417_0.pdf

• Leading scientific journals 
• Technical conferences
• DOE reports
• Annual Merit Review 

presentations
• Annual year-in-review 

summary documents

https://www.energy.gov/eere/vehicles/annual-merit-review
https://www.nrel.gov/docs/fy17osti/67595.pdf
https://www.energy.gov/sites/prod/files/2018/04/f50/Co-Optima_YIR2017_FINAL_Web_180417_0.pdf


Summary and Next Steps
• Co-Optima research and analysis have identified fuel properties that 

enable advanced boosted SI LD engines
• There are a large number of blendstocks readily derived from biomass 

(and petroleum) that possess beneficial properties
• Key research needs have been identified for promising blendstock 

performance, technology, economic, and environmental metrics
• Identify fuel property/engine parameter effects for LD multimode 

combustion approaches and kinetically controlled combustion
• Complete blendstock survey for advanced diesel (mixing controlled 

combustion)
• Identify impacts of electrified powertrains on future engine 

requirements and incorporate into Co-Optima R&D plan 30
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Thank You!
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Backup Slides
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Relative property benefits differ among blendstocks
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Efficiency Improvement: Boosted SI Engines
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Structure Property Relationships
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Structure Property Relationships Yield New Blendstocks
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Prenol (C5H10O): RON = 93.5, MON =74

Monomethoxyglycerol (C4H10O3): 
DCN = 9.9 (dRON = 100.3) 3-Methylanisole (C8H10O)

2-Methyl-1-butanol (C5H12O): RON = 102, MON =87.9



Ester Sensitivity Enhanced with Ethanol
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• Esters are high-RON, low S 
blendstocks 

• Esters blended into E0 impart no 
octane sensitivity

• Blending into E10 “turns on” S

• Value proposition:

o Identify mechanism behind 
ethanol enhancement 

o Identify bioblendstocks that 
synergistically blend with 
ethanol to yield high S
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