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Fuel and Engine
Co-Optimization

o What fuel properties maximize
engine performance?

How do engine parameters affect
efficiency?

o What fuel and engine
combinations are sustainable,

affordable, and scalable?




Governing Hypotheses

Central Engine Hypothesis

There are engine architectures and strategies that
provide higher thermodynamic efficiencies than are
available from modern internal combustion engines; new
fuels are required to maximize efficiency and operability
across a wide speed / load range

Central Fuel Hypothesis
If we identify target values for the critical fuel properties \

that maximize efficiency and emissions performance for . §: \
a given engine architecture, then fuels that have i v \
properties with those values (regardless of chemical Eﬂ

composition) will provide comparable performance



Two Parallel R&D Projects ®

Light-Duty Medium/Heavy-Duty

Boosted SI Multi-mode SI/ACI Mixing Controlled Kinetically

Controlled
Near-term Mid-term Near-term Longer-term®




High-level goals and outcomes  ®
I Light-duty Fuels

Up to 15% fuel economy (FE) improvement* Diversifying resource base
boosted Sl and multi-mode SI/ACI

Providing economic options to fuel providers
to accommodate changing global fuel demands

I Heavy-duty

Up to 4% FE improvement{worth $5B/year)* Increasing supply of domestically sourced

fuel by up to 25 billion gallons/year
Potential lower cost path to meeting next tier
of criteria emissions regulations

Cross-cutting goals
Stimulate domestic economy

Adding up to 500,000 new jobs

Providing clean-energy options

* Beyond projected results of current R&D efforts. The team is actively engaging with OEMs, fuel providers, and othéw

key stakeholders to refine goals and approaches to measuring fuel economy improvements



Co-Optima Team O

a Nine national labs,
Agomne™™ gL 13 universities

> 100 researchers,
> 75 projects

External Advisory Board
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Approach

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

Aromatics
Paraffins
Alkenes
Alcohols

Fatty esters
Ketones
Furans

Petroleum
R S
FossiT Resoutc®




Systematic Blendstock Survey @

W wWe ..
) )
Wl
sl.- 1 &
AN

N
= :
4l
. \
) i

WA

— 7

Objective: identify a
broad range of feasible
blendstock options

Primary focus: identify
blendstocks with desired
properties that have a
strong potential to be
sourced from biomass

9




Potential Benefits of Biomass Sourced Fuel (®)

Technical

Tailor fuel properties desired in
the blendstock

Add value to refiners — blend up
low quality (inexpensive)
petroleum blendstocks

Help refiners balance global
trends in transportation fuel use

Reference: htt

Societal

Reliable domestic energy options
that are affordable & efficient

Strengthens energy security by
increasing supply, diversity,
reliability

Retain $260 billion in the U.S.
Add 1.1M direct jobs

Expand U.S. science/
technology leadership

Environmental

Reduce emissions, including
CO, emissions, by 450 million
tons (7%) annually

Improved soil, water, and
air quality

://onlinelibrary.wiley.com/doi/10.1002/bbj.1728/pdf




Introducing New Fuels and Engines Impacts a Large

Body of Stakeholders

Energy Companies

Refiners

Biofuel Producers

Fuel Distribution

Government/
Regulatory Agencies

LD OEMs

HD OEMs

Retail

Consumer

Society

©
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Co-Optima Scope O

* Focusing only on liquid fuels
 l|dentify blendstocks to blend into petroleum base fuel

« Considering only non-food-based biofuel feedstocks
Assessing WTW emissions for biofuel options (GHG,
water, etc)

« Considering hybridized/non-hybridized solutions

* Provide data, tools, and knowledge to stakeholders -
objective is not to “pick winners”

(K]



Two Parallel R&D Projects ®

Light-Duty

b

Medium/Heavy-Duty

Boosted SI Multi-mode SI/ACI Mixing Controlled Kinetically

Controlled
\ Near-term / Mid-term Near-term Longer-term®




Timeline

Oct’15 Oct16 Oct17 Oct18 Oct’19 Oct20 Oct’21 Oct’22 Oct’23 Oct’'24

Stoichiometric S|
Light BOOStEd‘ H ....... e o .......)

Duty Downsized > U S AR SRy es SRR ) &
Multi-mode SI/ACI

Mixing controlled

Medium/ Overall Lean >¢ >0 T [p———— —
Heavy Compression .
Y Ignition . . e &
Duty Kinetically controlled
ross-cutting Tool
Cross-cutting Too >
Development
Project start @ Foundational tasks ==  Cross-cutting tool Offramp (core i

TRL 4 achieved ®@  co-optimization project ==3» development program, FOAs, etc) 5E)



Foundational Technical Questions ®

What fuels do What fuels What will work
engines should we make? | in the real world?
really want?




Question 1: What fuels do engines really want? @)
Approach:

Conduct engine
experiments and
simulations that delineate
fuel property impacts on
engine performance




Theoretical foundation: “merit function” @)

Engine efficiency can be expressed as a product of various
“efficiencies”:

— * * * % *
Nth = Nideal TIglh Necomb T]pump Nhe Nemiss

1

CRY
Ngih = combustion phasing (“degree of constant V combustion”)

Nideat =1 -

Neomp = COMbustion efficiency

Npump = PUMPpIng losses

n,; = heat transer losses

Nemiss = €Mission control losses -



Theoretical foundation: “merit function”

Since we are interested in relative efficiency, we can
differentiate to get:

dn, [dnq d777 dnglh AN o dnpump
nth nCR 77;/ 77 glh 77 comb 77 pum

— HOV PMI, T¢ 99
— Flame Speed

—> RON, octane sensitivity, HOV

How can we relate these terms to fuel properties?



Efficiency merit function approach ©)

Octane Index Charge Cooling
A A
4 N [ \
RON Octane Sensitivity Heat of Vaporization
Merit = o ¢ f(RON) |+ B e f(K,S) + y ¢ f(HOV)

+ c e f(SL) + t_, ° f(PM') + mne f(Tc,9O,conv)

Flame Speed PM Emissions Catalyst Light-off
Temp (cold start)
\ y )

Y
Dilution Tolerance Emissions Penalties e




Efficiency merit function approach ©)

Vopis = BON, =9 1 (S, =8)
1.6 1.6
. 0.085[ON / kJ / kg, 1- (HoV,,, | (AFR,, +1))—(415[kJ / kg]/ (14.0[—]+1)))
1.6
| ((HoV,, I(AFR,, +1)— (415 / kg]/ A4.0[-]+1)) . (Spn —46[cm/5s])
15.2 54
—H(PMI,,.—1.6)[0.7+0.5(PMI,,, —1.4)] +0.008°C™ (7, 00 pny = . 00,z )

Technical report with details being published September 2017



Decoupling S and HOV impacts ®

e With DI, increasing S from 0 to ~ 11
at RON=100 yields more than half
the combustion phasing advance of
RON 106, S~12 fuel

 AIll RON 100, S~11 fuels have similar
knock-limited performance gains
over ic8: no evident HoV benefit

Experimental details: Single cylinder version of GM
Ecotec 2.0L, 9.2: CR; side-mounted DI or upstream fuel
injection; load sweeps at an intake manifold temp of 50 °
C; sweep intake manifold T for max load at 2 different
CA50 phasing

CA50 (atdc)
26
RON-T 00, S0
22 T EO-EAQTSF
/RON_99-‘|02, S=11-12
18 & /6
@]
14 / &>/ E25FACEB
e RON=106, S=12
10 / / f
0 O
6 MBT Timing
700 1050 1400 1750 2100

IMEP,..., [kPa]



HoV can be important for DI at high intake T(@)

Upstream injected (Ul)
100 RON, S = 11 fuels
have higher peak IMEP at
constant CA50 than iso-
octane (RON 100, S =0),
and HoV has little effect
(S is dominant)
» Direct injection (DI) of
iso-octane has HoV

benefit, but less than S =
11 effect

« DlofS = 11 fuels also has
HoV benefit, which
increases with
manifold temp.

20

18 -

16 -

14 -

12 -

10

RON=100, S=0

30

40 50 60 70 80
Intake Manifold Temperature (°C)

90

100



Question 2: What fuels should we make? @)

Approach:

|ldentify blendstock
options that provide key
properties




Tiered blendstock identification @

Can it be a fuel
blendstock?

Does it provide
desired performance?

Does it merit focused
experiments and analysis?

# blendstocks:




Tiered blendstock identification ©)

T|er 1 Hydrocarbons h
Normal paraffins A major goal of
> 470 blendstocks | |so-paraffins Present in Co-Optima is
Cycloparaffins -
_ i > commercia to conduct a
1 4 i':n’?l;‘:' - fuels comprehensive
Multi-ring aromatics and consistent
Identify broad range of Alcohols _/ survey of
potential hydrocarbon and Furans = blendstock
oxygenated blendstocks Ethers options:
Carbonyls -
Utilize property information Ketones ot present |
on blendstocks from Aldehydes > in commercial What blendstocks
literature or estimates to Esters fuels are able to
identify Tier 2 blendstocks Volatile fatty acid esters ‘increase boosted
Fatty esters ' Sl performance?
Carboxylic Acids D |

—



Tiered blendstock identification

L . s .
I I e r 1 Determine Boiling Point | »| Reject if Tm >-10°Cand Tb or T90 not in
And Melting Point target range (20°C < T, < 165°C)
Apply Solubility Criteria | 5| Reject if insoluble in hydrocarbon fuels
> 4 ; 0 blendstocks (e.g., solubility parameter) within required temperature range
Apply Corrosion Metrlc ~ b-wereeees > Reject if the material is too corrosive for

. metals in fueling systems
chemical
1 4 families identify Known Toxicity Issues |- > Reject if Category 1 or 2 carcinogen or
reproductive toxin
Identify broad range of Determine F uel Ha:?dling Safety | »| Reject if fuel is hazardous or unstable, not
p otential hyd rocarbon and (e-g., rapid peroxide former) addressed with antioxidants
oXxXyg enated blendstocks Biodegradation =~ e > Reject if less anaerobically biodegradable
than MTBE and highly water soluble
Utilize property information
on blendstocks from Gasoline-Like Diesel-Like
|iteratu re or estimates to Tp<165°C or Tgp<165°C Tp<338°C or Tgy<338°C
i de ntlfy Tier 2 bl en d sto CkS | Autoignition Reactivity Metrics |
S| Engine < ACI Engine > Diesel Engine
High RON Wide range of RON/CN CN>40

Advanced Sl Fuel Candidates i



Tier 1 blendstock screening

Tier 1

> 470 blendstocks
chemical
1 4 families
Identify broad range of

potential hydrocarbon and
oxygenated blendstocks

Utilize property information
on blendstocks from
literature or estimates to
identify Tier 2 blendstocks

Tier 2

41 blendstocks
chemical
1 0 families
Measure blendstock properties

Evaluate blendstock performance
in BOBs at 10-30% blend levels

Remove candidates from list
if improved data indicate they
do not meet criteria

Add new candidates as our under-
standing improves of how fuel
structure impacts key properties

Tier 3

Which blendstocks
merit comprehensive,
consistent, and rigorous
study and analysis?

—



Alcohols (9)

Esters (13)

Furans

O© oo ~NO O b WDN -

Methanol

Ethanol
1-Propanol
Isopropanol
1-Butanol
2-Butanol
Isobutanol
2-Methylbutan-1-ol
2-Pentanol

16
17
18
19
20
21
22
23

Ethyl acetate

Ethyl butanoate

Ethyl isobutanoate
Isopropyl acetate

Butyl acetate
2-Methylpropyl acetate
3-Methylpropyl acetate
mixed esters

33

2,5-Dimethylfuran/2-methylfuran

Branched alkanes

34

2,2,3-Trimethylbutane

Alkenes

35

Diisobutylene

Multicomponent mixtures (6)

Ketones (9)

Ethers

RN
(@)

Anisole

Esters (13)

11
12
13
14
15

Methyl acetate

Methyl butanoate

Methyl pentanoate

Methyl isobutanoate
Methyl-2-methylbutanoate

24
25
26
27
28
29
30
31
29

2-Butanone

2-Pentanone

3-Pentanone
Cyclopentanone
3-Hexanone
4-Methyl-2-Pentanone
2,4-Dimethyl-3-Pentanone
3-Methyl-2-butanone
Ketone mixtiire

36
37
38
39
40

41

Methanol-to-gasoline
Ethanol-to-gasoline
Bioreformate via multistage
pyrolysis

Bioreformate via catalytic
conversion of sugar

Mixed aromatics via catalytic
fast pyrolysis

Aromatics and olefins via
pyrolysis-derived sugars




Tier 2 to Tier 3 transition criteria

1. Achieve merit function score > E10 premium

©

distillation,
and oxidation

when blended in petroleum BOB* . , Meets RVP,
Merit Function
2. Meet current critical fuel specs (RVP, value =
distillation, oxidative stability, etc.) when E10 premium

blended in petroleum BOB*

3. No “showstopper” barriers

- Candidates must have viable path to potential ~2'392355‘§(')§ g)(/
market introduction by ~2025 - 2030 - nle
showstopper
barriers)

Tier 2->3 transition allows focused effort on blendstocks
with greatest potential to meet Co-Optima goals

* BOB = blendstock for oxygenate blending; evaluated at blend levels of 10, 20, and 30% by volume

requirements

Tier 3 blendstocks



Example blendstock data: RVP ©)

9

— * A Methanol

8 8

o Methyl acetate

> 7

(W]

< 6 = * Ethanl Methyl furan

e R —— o Methyl ethyl ketone
5 — ’ * Ethyl acetate

-= _ o 1-butanol, 2-butanol, iso-butanol,
e e 1 3-methyl-1-butanol, di-isobutylene,

2-methyl-1-butanol, butyl acetate,
4 J 2,4 dimethyl-3-pentanone,
anisole, 2-pentanone

3 | | | | 1
0 10 20 30 40

Wt % Oxygenate 131




Determining blending behavior

Research Octane Number

15 20
Vol% Oxygenate

25

30

5

——Methanol
—+—Ethanol
——1-propanol

—— |sopropanol
—m-1-butanol

—— 2-butanol
—i—|sobutanol
——2-Ma-1-butanol
—+—2-pentanal

=o—Diisobutylene




High-potential blendstocks identified @)

Proper‘ties provided by Average contribution to
chemical families: merit function for highest
scoring blendstocks
RON S HOV
\ | ( 100%- HOV
Alcohols ¢ v
Furans ¢ ¢ S
Alkenes ¢ ¢ Uit
Aromatics ¢ ¢
Ketones ¢ ¢ >0%-
Cycloalkanes ¢ 7 RON
Alkanes ¢ 25%-
Ethers ¢
Esters ¢ 0-

RON = Research octane number ; S = Sensitivity (S=RON - MON) ; HOV = heat of vaporization



Question 3: What will work in the real world? @)

Approach:

Conduct comparative,
systems-level analyses of
economic, environmental,

state of technology, and
market factors

Assess likelihood of
commercial scale impact
by 2025-2030




Analysis Metrics

-

N

Technology
Readiness

S

State of technology:
Fuel production

State of technology:
Vehicle use

Conversion technology
readiness level

Feedstock sensitivity
Process robustness
Feedstock quality

# of viable pathways

@ Environmental

Carbon efficiency
Target yield

Life cycle greenhouse
gas emissions

Life cycle water

Life cycle fossil
energy use

9 Economics

Target cost

Needed cost reduction
Co-product economics
Feedstock cost

Alternative high-value
use

f

\

@ Market

Uncertainty

Regulatory requirements
Geographic factors
Political factors

Vehicle compatibility

Infrastructure
compatibility

Assessed only for blendstocks
produced from biomass

A

A

Assessed for both fossil
and renewable blendstocks®




Ethanol
Methanol
1-Butanol
2-methyl butanol
2-Butanol
iso-Butanol
Guerbet alcohols
Furan mixture
Methyl acetate
Ethyl acetate

Gasification/catalysis

Technology readiness Economics Environmental

Infrastructure
compatibility, etc

o)
CF
("@J‘

0000000000
0000000000

A
<,
%
%,
%
o)
4
(3

0000000000
0000000000

G
®

S
<

A

000000000
000000000 .,
000000000
0000000000 -,
0000000000
0000000000 -
0000000000

7 &
0000000000 % >
0000000000
0000000000
0000000000 /.
0000000000
0000000000
0000000000

Fermentation Hydrolysis/catalysis

o -~

<&

'z‘g‘o& @é?’,cx

'&66\ .%\ <.,

S &L o
& &L &
Q @‘Q\@“ N \(\"7”
N od;a 6{@

» &L
SSENCEN
00
00
00 @ Favorable
00 o
® ® ® |@® ufrorable
. . . . Insufficient data
00
[ NON )
00
[ NON )



High-potential blendstocks identified

©

Properties provided by
chemical families:

RON S HOV

N7
Alcohols ¢ ¢
Furans ¢ ¢
Alkenes ¢ ¢
Aromatics ¢ ¢
Ketones ¢ ¢
Cycloalkanes ¢ 7
Alkanes ¢
Ethers ¢
Esters ¢

Average contribution to
merit function for highest
scoring blendstocks

100%- HOV
75%- >
50%-

RON
25%-
0-

Eight representative
blendstocks selected for
more detailed evaluation

~._-OH s, -OH
ethanol n-propanol

/\OH )\/OH
isopropanol isobutanol

go

cyclopentanone

\/}Y

di-isobutylene

0 R S
N/ | +—R

R= H, -CHs 4
furan mixture aromatics

RON = Research octane number ; S = Sensitivity (S=RON - MON) ; HOV = heat of vaporization




Current boosted Sl blendstock efforts @)

« Refine property measurements, improve blend models,
and conduct more detailed compatibility studies

« Conduct engine tests to confirm performance and assess
potential to meet FE targets

« Carry out emissions control experiments to assess
impacts on efficiency and durability

« Conduct detailed life cycle, techno-economic analyses,
and refinery integration studies

38



Next steps

Refine merit function and establish technical basis for advanced
gasoline fuel specification for boosted Sl by end of FY18

Conduct more rigorous assessments of Tier 3 candidates
Assess candidates for potential follow-on scale-up studies

Expand LD efforts — multi-mode
SI-ACI

Expand MD/HD efforts

Continue strong engagement
with stakeholders to help focus
R&D on options that provide
“‘wins” for broad range of
stakeholders

Light-Duty
n \

Multi-mode SI/ACI

Mid-term

Medium/Heavy-Duty

- -
o

Kinetically
Controlled
Longer-term

Mixing Controlled

Near-term




More detalls

Co-Optima Website

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

©

FY 2016 Year in
Review nghllghts

Co-Optimization of
Fuels & Engines

FY16 Year in Review

better fuels | better vehicles | sooner

https://www.nrel.gov/docs/fy170sti/67595. pdf



2017

Octimization of
Lials & Engines

Introduction

John Farrell (NREL)
Robert Wagnes (ORNL)
John Holladay (PNNL)
Project # FT037

June 8, 2017

ines
roject ID: FT051

Fuel Property Characteriza2on
and PredicZon

FYAT i Rabert McCormick, presenter
Annual Merit Review 6.M.fioreni. M. Retciif, . Grout [NREL)
e 1. Szybist {ORNL)
b ;' €. Mueller, 6. Lacaze {SNL}
T.Bays [PNNL)
W. Pitz, M. Mehl 5. Wagnan, M. Mchianly (LLHL)

#:Ie Technologies Off

better vehicles | sooner

CoOptimization of Fuels and
Enaines (C.o- Optima) Topic 7 -
Fuel Kinetics and its Simulation

Golsborough. Groi, Lacaze,
hicNenly, Pitz, snd Zigler

Jue 6 2017

s presmilation does ol el groseelary
e, or msviie nimmsten.

VTO Progmm Managers: Gurpreet Sing ez,

FY17 Vigiicle Technologies Off
Annual Merit Review
soone

better fuels | betier vehices

Kevin Stork; Lea Breton & Michae! Weis/ mmm—m

Multimode Lean Si:
Experiments and Simulation
Magnus Sjiberg,

Sandia National Laboratoriss

Sibendu Som,
Argonne Nafional Laboratory

FY17 \éhicle TechnolBgies Off
Annual Merit Review
better fusls

better vehicles | soone

June 8 - 2047

with s pecial thanks 1 the VTO lssdership - |
Berube, Leo Breton, Gurpeeet Singh, Kevir

Fuel Property Impacts on Sl
Engine Efficiency Part |

Jim Szybist, Sco. Sluder, Derek Spli.-er, snd.
Dean Edwar

Oak Ridge Natonal Laboratory

Brad Zigler and M. Ratdif
Na+ona Renewabls Energy Labaratry
Sibendu Som and Zongyu Yue
Argonne Na+onal Laberatary

June 8, 2017

FY17 vfg/ue Technologies Of
Annual Merit Review

better fuels | better vehicles | soone

Project I[

FY17 \i€hicie TechRologies Of
Annual Merit Review
better fuels

better vehicles | soone

P roject ID: F

Michast Weismiles for thel guidance and su
i

]

VO Management: Gurpreet Singh, Ke

EN”ERG Eney ¥

Fantarso & S,

This presentedion does not contain iy proprieta;

Exploratory Advanced
Compression Ignition
Combustion Tasks
John Dec, presenter
Team Pls:

Steven Ciatti, ANL  Andrewickes, ANL
Scott Curran, ORNL Chuck Mueller, SNL
Mark Musculus, SHL

Project ID: FT056

John Dec, SNL
June 8§, 2017

VTO Management: Kevin Stork, Gurpreet
“ A | Michael Waismiller, Leo Breton
"

Fuel Property Impacts
on S| Efficiency, Part 2

Project ID: FT054
Christopher Kolodzie] Ray Grout
Sibendu Som, Fineki Pal, Thomas
‘Waliner, John Bell and Juli Mueller

June 8, 2017

Fy17 Vit le Technolbgies Office
Annual Merit Review
batter fuels

better vehides | sooner

confidential. o pehernwise seslisted informatic

FY1?VJ?J«:IE Technologies O1
Annual Merit Reviev
better fuels

better vehicles | soone

Leo Breton, and Mike Weismiller

e o
ENERBY |r.ocicoozmen,

VTO Program Managers: Gurpreet §
Kevin Stork, Leo Breton & Michael V)

Co-Optimization of Fuels
and Engines (Co-Optima}
Emissions, Emission
Control, and Sprays

ToddJ, Toops
Lyle Pickett, Chris Powell,

Bob McC armick, Matt Retdif,

John Sorey, Melanis DeBusk, Josh Pit,
Willism Brock shear, Sreshtha Majumdar

Jane & 2017

WTO Mznspement Kavin Stork, Gurps est Singh.
Leo Breton & Mike Weismiller

FY17 V!?é\e Technologies Office
Annual Merit Review
better fuels

better vehides | sooner

This presentaion doss nof contain any proprisfary, confidential, or othenwise resticted inft

ENERGY ...
e

https://www.annualmeritreview.energy.gov

Lo-Oplima DOE VIO Msnagement Team:
Kevin Stork, Gumrast Singh, & Leo Breton




2017 Bioenergy Peer Review Presentations ()

0 ENERGY EFFICIENCY 8 RENEWABLE ENERGY About Lt FIRVIGES EFRGENGT RENEWARLES TRANEFORTATION

BIQENERGY

2017 Project Peer Review—Co-Optimization of Fuels
and Engines
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Technical Approach

Identify potential
blendstocks

Identify candidates
via Tier 1 screening

Conduct
exploratory engine
testing

Develop engine
efficiency merit
function

Tailor pathways to
improve properties

Identify viable
production pathways

Measure properties
and relate to structure

Develop (nonlinear)
blending models

Develop combustion
kinetic models

Refine merit function
via engine sim.

Refine merit function
via engine exp.

Assess scalability,
affordability via TEA

Assess sustainability
via LCA

Identify/assess retail/
infrastructure barriers

Populate fuel
property database

Vehicle-level
assessments(e.g.,
emissions control,

cold start, etc.)

Confirm performance
of blendstock
candidates

Validate merit
function/central
fuel hypothesis

Run scenario
analysis tool
(“co-optimizer”)

Begin convening
external stakeholders
to define strategies
for market introduction

Develop fuel spec
(if appropriate)

Market introduction
support continues

Identify options that
maximize efficiency
while meeting
stakeholder constraints

Confirm potential to
meet fuel economy
improvement goal

Multi-team project
work concludes

Map properties to efficiency Expand blendstock options
"What fuels to engines want?” "What fuels should we make?”

Identify barriers to use

“What will work in real world?”

Identifying options
“How do we co-optimize?”




University Partners

Cornell / UCSD

Identify differences in combustion
characteristics of diesel/biofuel blends vs
petroleum-based fuels

LSU / TAMU / U Conn.

Develop method to characterize alternative
fuel candidates and associated models and
metrics for predicted engine performance

MICHIGAN

Univ. Michigan
Develop engine combustion model to

simulate key parameters while reducing
computational expense 80%

MIT / Univ. Central Florida

Develop detailed kinetic models for several
biofuels using an advanced computational
approach

DEARBORN

U. Mich. - Dearborn/Oakland U.

Use a miniature ignition screening RCM
to study ignition properties/combustion
characteristics of alternative fuels.

Yale

Measure sooting tendencies of various
biofuels and develop emission indices
relevant to real engines

Univ. Alabama

Examine combustion properties of biofuels
and blends using advanced diagnostics
under realistic ACI engine conditions.

Univ. Central FL/Penn State
Generate fuel characterization data related
to fuel spray atomization, flame topology,
etc, and compatibility for prioritized wls



Integration With Industry

Public Private

= Co-Optima
Initiation of Partnerships

_ Research
active R&D

‘ 3 :, Basic technological

components are

Industry

«— Technology validated adequately to enable industry,
either alone in collaboration with national labs and
universities, to continue product development

integrated to
establish that pieces
will work together

i | | | |
1 2 3 4 5 6 7 9
Technology Readiness Level (TRL)

=~
~=~

See https://en.wikipedia.org/wiki/Technology readiness_level



Light-Duty Medlum/ Heavy-Duty

Multi-mode SI/ACI Mixing Controlled Kinetically

Controlled
Mid-term Near-term Longer-term




Fuel property database”
Tier 1
> 470 blendstocks
14 i
Identify broad range of

potential hydrocarbon and
oxygenated blendstocks

Utilize property information
on blendstocks from
literature or estimates to
identify Tier 2 blendstocks

* Publicly accessible: https;//fuelsdb.nrel.gov/fmi/webd#FuelEngineCoOptimization




Tier 1 blendstock screening
Tier 1
> 470 blendstocks

14 e

Identify broad range of
potential hydrocarbon and
oxygenated blendstocks

Utilize property information
on blendstocks from
literature or estimates to
identify Tier 2 blendstocks

Hydrocarbons N

Normal paraffins
Iso-paraffins
Cycloparaffins
Olefins
Multi-ring aromatics

Alcohols

Furans

Ethers

Carbonyls

Ketones
Aldehydes
Esters
Volatile fatty acid esters
Fatty esters

Carboxylic Acids

YES

Normal paraffins
Iso-paraffins
» Cycloparaffins

Olefins
Alcohols

Aromatics

YES FOR‘_ Ketones

SOME

NO

» Volatile fatty acid esters

Furans
Ethers

Multi-ring aromatics
Aldehydes

\J

Fatty esters
Carboxylic acids

—
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