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VTP Fuel & Lubricant Technologies ENERGY |5 ficiency &

Renewable Energy

4 N

Mission ~ |FY2011.| FY 2012 | FY 2013
. Funding in millions
Enable advanced combustion through Approp. | Approp. | Request
improved understanding of fuel-property
impacts, evaluate next-generation biofuels &

\_develop efficiency-improving lubricants J

Activities Goals

« Chemical and physical fuel property exploitation * By 2020, demonstrate expanded
operational range of advanced

combustion regimes to 75% of LD
Federal Test Procedure

* Next-generation biofuel fit-for-service evaluation
 Lubricant additives and base oil development

* Open, bench-scale lubricant testing methodology | By 2015, demonstrate cost effective
* Fully-formulated oil fit-for-service evaluation lubricant with 2% fuel economy

« Supporting analytical work improvement
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Fuel & Lubricant Technologies ENERGY | ooy i e ®

Lubricant Activities & Benefits
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Recent Competitive Awards ENERGY | £ Effiency &

Renewable Energy

* 4 Fuels Awards * 4 Lubes Awards

— Ford: Fuel properties to — Ford: RD&D on polyalkylene
enable lifted-flame glycol (PAG)-based engine oil
combustion technology to reduce engine

— MIT: supplementary friction relative to current mineral
alcohol injection for and synthetic oils
improved Sl efficiency — MIT: segregated engine parts

— NREL: evaluate various with tailored lubricants for each
oxygenates for suitability — ORNL: lonic liquid
as drop-in fuel components multifunctional (anti-wear and

— Univ. Wisconsin: Optimize friction modifier) lubricant
fuel-based combustion additives to enable higher VI oils
control of novel — ANL: Boron-based lubricant
combustion strategies in additives for improved efficiency
light- and heavy-duty and durability
vehicles
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Efficiency and emissions opportunities for

enabling low temperature combustion

Energy Efficiency &

EN ERGY Renewable Energy

Enables efficiency improvementand
load expansion for Spark Assisted HCCI

« Efficiency improvement attributed to
differences in thermochemical properties

+ Load expansion attributed to higher
octane for more optimized combustion
phasing with acceptable pressure rise
rates

E&s
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Research engine with fully
flexible valve system,
boosting, and EGR system.
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Enables load expansion with RCCI
combustion in a multi-cylinder engine

« Higherreactivity stratification for
reactivity controlled compression
ignition (RCCI) multi-fuel approaches

« Demonstrated efficiency, emissions,
and load expansion improvements
with ethanol and bio-diesel blends
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Fuels for Advanced Combustion us peparTHENT OF | Energy Efficiency &
ENERGY Renegvzable Ener{:;y

Engines

* Fuel & Lubricants subprogram supports CRC’s Fuels for
Advanced Combustion Engines (FACE) research activity
through participation by several DOE laboratories

 FACE activity develops and characterizes research-
grade fuel sets to enable engine researchers to perform
parametric studies of fuels effects on enabling advanced
combustion and serve as a common basis to compare

data

Hyerocarbon Conent (Massq
o2 ¥ 8 &8 88 d B8 E
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Structure-Property Correlations for

Energy Efficiency &

Unconventional Fue's ENERGY Renewable Energy

A deeper understanding of the underlying chemistry of fuels

is essential to best utilize unconventional fuel sources. ~ SPectroscopic Analysis of Fuel
] 13C NMR Spectrum
Fuels from unconventional sources Shale Oil, Diesel #1
« Shale oil, oil sands, renewable diesel, etc. o uk ) ol L

« Vary in molecular structure
« Differ in their performance properties

Correlating fuel molecular structure with performance

Fuel - Structure Correlation
m Shale Oil Diesel #1

w
o

c
«  Generate spectroscopic data to quantify fuel component types :é = MULSD1, D7905

* Reduce data sets to facilitate correlations with performance data % = Renewable Diesel Paraffinic,
- Assemble lubricity, seal swell, and soot formation performance data S = Naphthenic
» Derive structure — property relationships E 10 Aromatlc

Collaborations £ hI II '

» Coordinating Research Council (CRC) ° <11 l . 1l ! I'I"

+ National Laboratories: ORNL, NREL, SNL structural Carbon Type

« Natural Resources Canada (NRCan) Structure - Property Correlation

PNNL'’s Role — Characterize fuels using NMR and other
spectroscopic techniques; develop a fuel database based
on fundamental chemical properties; and develop reliable
correlations with fuel performance measurements

Actual

Lubricity
R?=0.9207

Predicted
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Model kinetic mechanism now contains .. ccommeror

Energy Efficiency &

all major compounds in biodiesel ENERGY | renewable Energy

Fatty acid methyl esters (FAMES):
Soybean and rapeseed biodiesels have only 5 principal components

Methyl Palmitate (C16:0) Simulated reactivity profiles for

/\/\/\/\/\/\/\)J\ biodiesel fuels compared to Diesel PRF
o/ ! =

CN60 (PRF) /:” -~~~ linseed
0.8 , v Beef tallow | -~ peef tallow
Methyl Stearate (C18:0) 0 § . _ (CN58) — peanut
/\/\/\/\/\/\/\/\)J\o/ % ' Linseed (CN39) | —olive
% " 50 bar oY
Methyl Oleate (C18:1) ©. =2 --- rapeseed
\/\/\/\/_\/\/\/\)7\ | oo o p
- t=0.05s
o 0 - ‘ : : ‘ CN60 (PRF)
500 600 700 800 900 1000 1100
Methyl Linoleate (C18:2) Temperature - K
Py 5 component biodiesel
’ mechanism
Methyl Linolenate\(ﬁ'f?\/\)CL ~5,000 species
o ~20,000 reactions
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Fuel Effects on Leaner Lifted-Flame .. oo | energy Eficioncy &
CombUStiOn (LLFC) ENERGY Renewable Energy

Objective: Compression-ignition | O

combustion that doesn’t form soot — tength —| -

« Approach: Reduce equivalence

ratio at H below 2 via

— Fuel-property changes (incl.
oxygenation, ign. quality) B Liquid Fuel

— Injection pressure > 2000 bar g Aqomition Zongs oo e

— Orifice diameter < 120 um 7z Products of Rich Combustion

=== Diffusion Flame
. BeneﬁtS If SUCCGSSfUI' Thermal NO Production Zone
— Eliminates need for costly, complex, large diesel particulate filter
— Synergistic with oxygenated, domestically produced biofuels

— Does not suffer from HCCI drawbacks of high heat release rates
and elevated HC/CO emissions at light load

— High efficiency via reduced aftertreatment regeneration penalty
and improved combustion phasing
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The primary pathway for “the biodiesel .. .cwmewor

Energy Efficiency &

NOX increase” Shown ENERGY Renewable Energy

0 Why does biodiesel tend to increase engine-out NOx emissions?
— Understanding will help tailor combustion to mitigate NOx increase

0 Accomplishments:

— Showed that primary factor leading to the NOx increase appears to be ignition
and combustion of mixtures that are closer to stoichiometric than for diesel fuel

» Longer residence times, higher temperatures - more thermal NOx formation

I Liquid Fuel —— Diffusion Flame (DF) Low Y figh
[ vapor-Fuel/Charge-Gas Mixture [l Thermal NO Production Zone Soot Concentration
[ Autoignition Zone (AZ) B Soot Oxidation Zone

[ Initial Soot Formation
Source: J.E. Dec, SAE 970873
—————

0“‘* 0 -

Mixtures closer to Stoichiometric when fueling
with biodiesel

SAE John Johnson and SAE Arch T Colwell Awards for outstanding research
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Delayed soot inception for biodiesel ot e | B SR

also enables soot-free combustion ENERGY | renewabie Eneray
Fuel-bound oxygen limits ____ {jesel
) a vones . ) 960 us ASI
soot-forming zones. biodiesel End of
3[rliquid o= = " T ST 3000 ps ASI 4 I(Ej(e)f)thn 1020 ps A3l A
0 —
-3 | | == === "T-'-  Stoichiometric™] 1080 us A5I]
O 10 20 30 40 |50 60 70 80 N
Distance from Injector [mm] . .
Soot inception, 5 1405 ASI
o . #2 diesel —or
 Biodiesel offers benefits when L —
coupled with short-injection, low- K R
temperature combustion. L
Soot formlng 1260 us ASI]
» Soot free combustion is attained region gone, _’3
- . biodiesel
because soot forming mixtures 3207 AGI,
vanish after EOI before reaching Sl
the typical biodiesel soot inception  Usual soot 7500 AN
time. inception, — ]
bIOdleseI 0 1IE} 2IE} 3I[} 4IE} 5IE} GI[} ?IE} BIE}

Distance from Injector [mm]
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E85 Survey and Specification Changes us oeeantuentor | Energy Efficiency &

EN ERGY Renewable Energy

Worked with CRC to assess the quality of  * SUurvey of 106 samples from

_ _ around U.S.
E85 nationwide « All three volatility classes

Vapor pressure requirements for gasoline  « Nearly 50% of samples met

and EB85 are critical for cold starting and vapor pressure requirements
driveability * A marked improvement over
: _ _ previous surveys

Prior survey showed high failure rate for National 2010-2011 Survey of E85:
E835, and there were many anecdotal CRC Project E-85-2
reports of difficulty starting and poor o Class1 Class 2 Class 3
performance .

Changes were made to the D5798 ASTM g " 5 ﬁ
specification to allow higher levels of % é?’?
gasoline to increase vapor pressure :L:&j a %E & i

New survey showed that FFV drivers will § y £ i
see improved performance — may lead to N
higher usage of E85 2

0 10 20 30 40 50 60 TO B0 90 100 110 120 130
Sample 1D
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U.S. DEPARTMENT OF

ENERGY

Note all samples meet D6751-11a limit for total glycerin (0.240 wt%)

Energy Efficiency &
Renewable Energy

Wintertime B100 Survey

B100 producer quality survey
(samples obtained from 53
producers)

2011 had highest ever production
volume of B100 in the US: 1.1 billion
gallons

B100 almost always meets the quality
specifications, a marked

Glycerides, wt%, D6584

1.4

1.2

1.0 1

0.8

0.6 1

0.4

0.2

0.0

I Monoglycerides
Diglycerides
BN Triglycerides

7
7
i ?

Sample ID

improvement over preVious surveys *T —I D6751-11a Minimum Oxidation Stability, 3 hrs ]
— 4% failure on oxidation stability 5 "] t
— Less than 2% failure on cold soak 5> ;

filterability, metals, and flashpoint £ 2 at .
— No failures on glycerin or acid Pt s

value Eof*s  stuass wm .

. . n = 5 !! [} !iﬂ% ¥ !!!gi %

- Biodiesel in the US market place is . L. -
generally of high quality 0 —
Sample ID
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Improved Biofuel Utilization ENERGY | £ Effiency &

Renewable Energy

Increased utilization with legacy fleet Enabling lean NOx control with non-

Intermediate ethanol blends studied platinum metal

since 2007 « Silver-alumina very effective with
—  $44M effort oxygenated reductant

- SNREs., \/ghlcles, Infrastructure materials « Lean-burn with biofuels for improved
compatibility, etc i . .
fuel economy and biofuel utilization

* Vehicle emissions testing and aging at

three sites o Catalyst
supplier ; T~
— 86 vehicles, >6.5 million miles % prototype ,/ N
/ mode
— >300,000 gallons of fuel 6o catalyst

— Approximately 1000 emissions tests

 EPA cited DOE Studies in partial waiver

200 250 300 350 400 450 500 550 600
Temperature (°C)

oL 201830

Silver-alumina catalysts can yield
>90% NOx conversion under lean
conditions (ethanol reductant in this

experiment)

Intermediate Ethanol Blends Catalyst
Durabllity Program

European lean-burn
BMW 120i
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Lubrication Strategies/Tasks ENERGY | ey Effciency &

Renewable Energy

1. Predictive modeling - Integration of (continuum) component parasitic
friction loss models into subsystems and vehicle level packages — ‘what if
parametric studies

2. Develop Science/Mechanistic Based Models of Parasitic Losses and
Durability/Reliability

3. Lubricant Technology Development — Develop advanced lubricants
(basefluids and additives) that reduce frictional losses while maintaining or
exceeding other performance metrics (durability, reliability, corrosion,
deposits, etc.

4. Engineered Surface Technology Development — Develop advanced
engineered surfaces (textures, designs, materials and coatings) that
mitigate parasitic losses from a systems approach. Go beyond current
ferrous based tribological systems.

5. Validation of Modeling and Technologies — Develop protocols to improve
the fidelity of models and technologies. Improve correlation between
labscale tests and engine/vehicle tests. Develop high fidelity databases for
models and simulation of parasitic losses. Lab-Rig-Engine-Vehicle
Validation Studies
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Lubricant Additive Studies ENERGY | ey Effciency &

Renewable Energy

Developing common set of test protocols to evaluate frictional behavior of
advanced additives (friction modifiers)

« Common test protocols to evaluate

o . oo L 300 rpm 300 rpm
frictional behavior of low-friction additives
using ring-on-liner configuration
60 rpm
10rpm € 3hr —>
—PAO#1 ——1%Oxide 1, —— 1% ME
—PAO#2 —+1% Oxide2| ——2% NIE+ 2% ZDDI |
e | —PAO#3 ~1% MoS_ | ' ] . .
E 0415 | | 2 » Comparison of nanoparticulate
= additives and chemical additives
Q . . g . . .
S o4 show significant impact on friction
5 _ response
e e , | | 1+ Characterization of surfaces in-
| 2 progress to determine differences
T . T in surface finishes and formation
Time (s) of tribofilms

16 | Vehicle Technologies Program eere.energy.gov



New Lubricant Technologies ENERGY | 5oy Effcioncy &

Renewable Energy

New classes of lubricants and Low reactivity lubricants for more
additives based on ionic liquids (IL) efficient operation
« More effective boundary lubrication — up « Shown to mitigate spark-ignition gasoline
to 40% friction reduction compared to engine knock
fully formulated oils (lab scale) — Allows for improved combustion phasing

at higher loads

« Enhanced engine durability due to _ _ _
— Use of higher compression ratio

superior functionality via forming a

protective surface boundary film « CRADA under development with
. Southwest Research Institute
« GM CRADA, FOA-239 with Shell
35, ; -90
0.065 . . Pressure :ivvvv gﬁ 8;:
0.060 _- L ] Kmematic Viscosity, ¢t ::: §8: 1; 30 - H .75
— . . | & | W | A— Mobil 1 5W30 T1
‘6 0.055 ~ ‘\ W |2 52 | —y— Mobil 1 5W30 T2 = 25/ Low CN OQil 60 T
o 1ol | w [m| o - IL17 T1 3 3
~— 0.050+ | Mobiiswsd | 64 | m1 | [ —4—IL17 T2 o ps
S ] PAO4 19 1 > OW10T1 S 20 45 ©
.9 0.045 < —9— OW10T2 a o
k] 1 & 2
= 0040+ a 15 30 2
- 1 Fully Formulated Engine Oils = ]
O 0035 3 a
E 1 ., " £ 10 115 =
@ 00304 — ———p————p—¢ > §
3] 4
£ 00254 "'x.*“*‘*-l— i = e - 5 : ; 0o S
@ - —f———1 ‘, i
2 00204 : i Heat Release
o ‘e %: TC!
] A o q 0 S 3 St -15
0.015 - 300 315 330 345 360 375 390 405 420 435 450
0 /54]0 ‘IDDO 1500 ZDDD 2500 EDCID .
Rolling Speed (mm/s) Crank Location [CAD]

lonic Liquid

Data courtesy of SwWRI (Alger, 2012)
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Life-Cycle Analysis with GREET Model ENERGY | o Effciency &

Renewable Energy

O The Fuels Utilization Team has been one of the several EERE GREET sponsors

O GREET and its documents are available at the GREET website: http://greet.es.anl.gov/main
O The most recent GREET version (GREET1_2011) was released in Oct. 2011

O Natural gas, shale gas, and FT diesel are among many fuel options addressed in GREET

. T00 - 6,000
= Passenger Car W Infrastructure Transit Bus
o 600 -{ M Fuel Production | - 5,000
) m Vehicle Operation
o s0 f ®pm@W-— |\ §f$ L
2 - 4,000
2 400 +mm T -
.g - 3,000
L 1- BN N -
= 300
w - 2,000
o 200 DR maa EEEEEEES -
5
E 100 1 S - - S B R R - S S I 11000
= o0- -0
100 ‘ 20 | 100 ‘ 20 | 100 ‘ 20 100 ‘ 20 | 100 ‘ 20 | 100 ‘ 20
Gasoline Conv. Gas | Shale Gas Diesel Conv. Gas | Shale Gas

From Burnham et al. (2012)
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Perspectives on Natural Gas ENERGY | 5o Effiency &

Renewable Energy

LD NGVs situation

*About 120k total vehicles in US, many in fleets
*1500 refueling sites, about half open to public
*Conversion kit companies rapidly growing

Vehicle Technologies Program sponsors deployment efforts for NGVs,
but no R&D for LD NGVs.
*The few R&D opportunities for engines are not game-changers.

DI and boosting technology needs improvement

*Methane emissions require improved catalysts and thermal management
*ARPA-e solicitation addresses big barriers of storage and home-fueling

We will continue to monitor and study opportunities and appropriate

paths to use NG.
LNG? CNG? Gas-to-liquids?

19 | Vehicle Technologies Program eere.energy.gov



Acquiring input from energy industry  ENERGY | a9 Sleenoy &

Renewable Energy

During 2009-11, DOE and Lab representatives made 10 visits to individual energy-
lube-additive companies. Inputs factored in to DOE Fuels & Lubes R&D plans.
Similar meetings conducted in 2003. No attribution to companies or individuals.

Companies Visited Topic Visited | 2003 2009 2010 | 2011 | 2012 | # Visits
Infineum Additives 1 1 1
Afton Additives 0
Lubrizol Additives 0
Oronite (Chevron) Additives 0
BP Fuels 1|1 1 2
ConocoPhillips Fuels 1|1 1 2
ExxonMobil Fuels 1|1 1 2
Chevron Fuels 1 1 1
Marathon Fuels 1 1 1
Shell Fuels 1 1
uoP Fuels 1 1 1
Valero Fuels 1 1 1
BP Lubricants 1 1 1
Chevron Lubricants 0
ConocoPhillips Lubricants 0
ExxonMobil Lubricants 0
Shell Lubricants 0
Kinder-Morgan Pipelines 0
Colonial Pipelines 0
Magellan Pipelines 0
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Key Observations (examples of e e [ =

many) ENERGY | renewable Energy

CRC Report No. FACE-1

Engine efficiency is critical:

Companies stressed the importance of PROPERTIES OF THE FUELS FoR_

continuing efforts to increase engine and Gy TR

vehicle efficiency. They support the study

of advanced fuel combustion properties sl e

as serving the interests of both the fuel "

and the engine manufacturers. E E}/ 77777777777777 2 20

COORDINATING RESEARCH COUNCIL, INC.
3650 MANSELL ROAD-SUITE 140-ALPHARETTA. GA 30022

Improving known technology is ol rowarics

20%

important: Most of the progress in
energy savings and CO, in next 20-25
years will come from improving the
efficiency of known technology — e.g.,
improving gasoline (including ethanol)
engine efficiency via boosting and
downsizing. Enter the impact of better
lubes. Caution on PHEV panacea.

Schematic courtesy U. Michigan
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Sticky Note
Center number is missing


Key Observations, cont’d. ENERGY |Eerey Effcency &

Renewable Energy

Much has been learned about fuel effects on LTC modes. There may
be other paths to higher engine efficiency, but fuel properties remain
important. RON and MON may need augmentation to adequately
describe knock in emerging engines.

All “drop-in” fuel paths were said to have issues. Pyrolysis and
gasification paths economics unfavorable. Algae has big hurdles.
Gasoline and simple alcohols best match infrastructure

Lubricants play an important role. Possible fuel savings in legacy
fleet. HD and LD vehicles. Emerging boosted engines present new
challenges. Still need replacement for ZDDP.

Praise for a single federal fuel specification: There would be a real
benefit in removing the “boutique” fuels and increasing the fungibility of
the system. Perhaps move toward a federal fuel specification rather than
multiple state/region specifications.
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Praise for Work of DOE and the

National Labs

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Mid-level ethanol blends: Appreciation for
efforts to develop solid, scientific data for policy
decisions.

Complimented work on Biodiesel Specs by
NREL and others.

Low temperature combustion fuel effects:
Work by SNL and other Labs. If this work were
not funded through the DOE these activities
might not happen and would be great loss.

Development and use of Life Cycle Analysis
tools such as GREET

Lab work with various committees: DOE and
Lab contributions to CRC and ASTM highly

appreciated and valuableﬁg:[h}
S’

NREL, ORNL
iBlends project
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http://www.astm.org/Standards/D6751.htm

Praise for Work of DOE and the us. ozpaxrwenror | Eporon Efficiency &

National LabS, cont'd. ENERGY | renewable Energy
4] naphthalenes
pasirere, @@ g wuno
Fuels characterization: There was support 5 3 _a 8
for the fuels characterization work at the £ 25! .
labs. (combined effort of ORNL, NRCan, 2 e ; .
PNNL, NREL). Part of FACE effort. "0 350 450 550 650
Boiling Point (F)
NRCan work on oil-sands derived fuels: gy
The fuels characterization work on heavier
fuels is “tremendous work.” B

Need better understanding and models of
combustion kinetics: Understand high
pressure ethanol combustion. Pre-ignition
phenomena.

|
Experimental
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VTP Fuel & Lubricant Technologies Energy Eficency &

Renewable Energy

Backup Material
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U.S. DEPARTMENT OF Energy Efﬁciency &

Fuel Ignition ResearCh ENERGY Renewable Energy

 NREL has developed a novel Ignition Quality
Tester (IQT)-based platform with significant
experimental and simulation capabillities:

— Supports development of accurate, reduced kinetic
mechanisms for advanced combustion engines

— Bridges fundamental ignition chemistry studies and
engine testing with ignition kinetics experiments and

§i ! k! i

modeling
— Complements shock tubes and rapid compression .
machines with engine-relevant test conditions Simulation on Red Rook i%
computing time < 12 hrs. %’

— Aided by extensive characterization, development, S -
and validation of KIVA/Chemkin simulation using | >
NREL/EERE’s Red Rock and Red Mesa
supercomputers

° C h a ra Cte ri Zi n g fu e | Ch e m iStry i m paCtS O n Demonstration of Negative Temperature

Coefficient for C7 isomers, important for

ignition aids the engine research community | wecbe s

oa 1 11 M0,/ Thack]| 15 lIG
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First kinetic mechanism for gasoline
and diesel primary reference fuels (LLNL)

Energy Efficiency &

ENERGY Renewable Energy

Motivation: Gasoline PRF: Diesel PRF:

« Accurate fuel kinetics are needed in CFD models to n-heptane n-hexadecane
capture fuel property effects on engine performance and

. .. .. . iso-octane 2,2,4,4,6,8,8 hepta-
enable the design of more efficient, low-emission engines methylnonanev
» Gasoline and diesel primary reference fuels (PRF) are the M
means by which engine and fuel scientists compare fuel
performance in engines - Ignition of gasoline PRF

Octane number:

Accomplishments:

» First-ever complete chemical kinetic mechanism for the
primary reference fuels of gasoline and diesel providing
scientists and engine designers with a benchmark fuel
model by which other fuels are compared 0.01

10

Ignition delay [ms]

08 09 1 11 12 13 14 15

Future: 1000/T [K]

* Develop a chemical kinetic mechanism for a new
series of iso-alkanes to help represent the branched-
chain molecules in diesel fuel

lgnition of diesel PRF

Cetane number:

0.1000

0.0100

» Develop chemical kinetic models to represent large
aromatics in diesel fuel

0.0010

« Develop and validate mechanisms for diesel surrogate oo
model fuels and simplify them for use in computational T 1 12 14 18

27 i Vehicle Techaologies Program 1000/ T
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LLNL method uses engine data to

Energy Efficiency &

improve kinetic mechanisms ENERGY | Renewable Energy
' ( ( | =

= Phi=0.10 (exp)
= === Phi=0.26 (8im)

_‘,
=
—_—

Objective function:

|:'l> Quantifying
) experiment and L

Pressure (bar)

@
o

o
L

U7 comaneenre simulation agreement
Engine experiments Large-scale CFD Multi-zone u Refined
varying P,,, T;,, fuel flow, simulations of engine chemical
EGR, RPM, etc. operation kinetic
mechanism

g 1 L A
S Updated
© mechanism
o]
© .
< Experimenx
2 | Baseline
E /| mechanism
V]
Use sensitivity to update & 0 - ————
. . y P -30 -20 -10 0 10 20 30
chemical kinetic rate Crank angle (deg)
parameters
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Understanding soy biodiesel soot ot e | B SR

formation at engine conditions ENERGY | renewable Energy
Flame Lift-off Soot volume
I \!'I I I I I I I fraction [ppm]
D2 : 15
#2 Diesel - I - 10
l 5
| - |
| I |
BD |
Soy Methyl Ester | : i ;gobo K
Biodiesel - . ar
B100 ! 15% O,
| | | | | | | |

0 10 20 30 40 50 60 70 80
Distance from Nozzle [mm]

» Biodiesel shows a factor of five reduction in total soot
formed within the reacting spray compared to diesel.

* Quantitative soot datasets now available for the
development of biodiesel CFD soot models.
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WTW Energy and GHG Results Vary Significantly

Among Vehicle and Fuel Options: Petroleum vs. GHGs

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

*
MES FFW, coal, wio OCS

FTD I, caal, wia CCS
* *

1
# Disz=l LIDI
# G3:zoline HEW
§ # Diessl CIDI HEW
E
5
o
E a5
£ . . . .
Gaszgline PHEVAD EU Mix Gasoline FHEVAD, US|hix
L 2 * & r
) . ) E3zoline FﬁE".l"EIE":'ﬂ'ﬂa
Gasgine PHEVAD, TA Mix -
hix
® ES5FFV, ce EES PPV, suzarans o cas rrvf o
* # 55 FFV, NG
KBS FFV, jooal, w 00
FTD CIDIV, ce 0 CCS o DMIE CIDIV, NG
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0 * g 5o i """_'_' ”,u
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GHGs Emissions
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From Wang et al. (2011)





