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Overview of Dataset and Analysis Approach
¢/ Data Available for Analysis

~ Selected Chartable T11 test results will available C of A data for chartable
tests (n =59)

~ Operational variables analyzed:

« Average Power (APWR)

« Average Front Exhaust Manifold Temp (APTRUFT)
» Average Rear Exhaust Manifold Temp (APTRURT)
» Average Tailpipe Temp (ATAILPT)

« Average Exhaust CO2 (AECO2)

~ Pass/Fail variables analyzed:

» Soot(@12cSt)
« Soot4
 Sootb

~ Analysis Methods:
* Mixed (forward/backward) stepwise regression analysis with p< 0.10
- Partial Least Squares (PLS) with VIP pruning P2 Afton
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Overview of Data and Analysis Approach

” |ndependent variable data included in the analysis are

listed below

~ Lab and reference oil data coded with indicator variables {0,1}
~ Operational variable analysis will include reference oil variables
~ Pass/Fail Parameters analyzed results {Soot4, Soot(@12cSt),

Soot5}

Ref Oils

Lab Variables

Fuel C of A Variables

RO_820-2
RO_820-3
RO_822-1
RO_822-2

AftonChemical.com

Lab_A
Lab_B
Lab_D
Lab_F
Lab_ G
Lab_G1

Fuel_Age
AcidNUM
POLYN_AROM
SFC_AROM
Bot_Sed_Water
CARBON
HYDROGEN
NET_HEAT_COMB_MIJ-KG
CETANE_INDEX
CETANE_NUM
IBP
T5_PERCENT
T10_PERCENT
T20 PERCENT
T30_PERCENT
T40 PERCENT
T50_PERCENT

T60_PERCENT
T70_PERCENT
T80_PERCENT
T90_PERCENT
T95_PERCENT
EBP

LOSS

RESIDUE
FLASH_Pt PenskyMartens
Oxid_STAB
PartMatter
PourPoint

SG

APl_Grav
SULFUR_D5453
KV40C

2 Afton
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Overview of Data and Analysis Approach

#/” Operational Data Review

-~ A number of observations are suspected outliers and were removed
from the data set

APWR & 4 more
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Overview of Data and Analysis Approach

#/” Operational Data Review
~ Operational data with suspected outliers removed

APWR 8. 4 more
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Overview of Data and Analysis Approach

7 Need to be cautious when interpreting analysis results -

due to Multicollinearity

~ Principal Component Analysis (PCA) and color map indicates
collinear relationships between the fuel property variables

« PCAIindicates that 80% of the variation is explained in 7 Factors
* Red/Blue colorsin Correlation Map indicate high (r) correlations

Summary Plots

Component 2 (18.7 %)
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Component 2 (18.7 %)
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Component 1 (27.8 %)
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Component 1 (27.8 %)

[] Label variables
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Analysis of Average Power Data

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests some fuel parameters are statistically significant
— Hydrogen, Cetane Num, T5_ Percent, and Sulfur_D5453

~ Partial Least Squares identifies similar results (VIP pruning = 0.8)

Stepwise Regression Partial Least Squares

~|Response APWR Model — P

2 Whole Model bbb D D el Coefficients for
> Actual by Predicted Plot E G Fn'" & é Centered and Scaled Data
b|Effect Summary I; § = : E Coefficient APWR
i =2 v
b/ Lack Of Fit 8FES T5_PERCENT 00837 ¢ i [EEEE
b Residual by Predicted Plot 2EZ2§ 8P o.0800) ¢ ¢ ¢ ¢ N
- = = - T10_PERCEMT Q0734 ¢ ¢ 0

4 Summary of Fit © T20_PERCENT 0.0522| : : : g
Eﬁﬂgim i FLASH_Pt PenckyMartens ~ 0.0498 | | | | | |
Root Mean Square Error 1.826109 RO_820-3 0.0487 :E
Mean of Response 243.3686 C‘xid_STAE 0.0426
Observations [or Sum Wagts) 51 T30 PERCENT 0.0414 :l

4 Analysis of Variance G - 0.0358 ::]

Sum of 248 3 ¢
Source DF Squares Mean Square  F Ratio . Ll :
Model 5 0286148 185723 55080 T40_PERCENT 0.0527 P :E 2 8
Error 45 15170832 33713 Prob>F Intercept 00000 @ ¢ 2] @i i
CTotal 50 244.56980 0.0005" CETANE INDEX 00277 F [:

4 Parameter Estimates Bot_Sed_Water -0.0295 |:
Term Estimate StdError tRatio Prob>|t] APl Grav 0036 ¢ |:
Intercept 64912392 8606144 075 0.4546 iy 8 ¢ .
Lab_G1 1104303 0.543374 -2.03  0.0480" CERLRE Ll Sl I:
HYDROGEN  12.063054 6177711  1.95 0.0571 Lab_51 -0.0383 | ¢ [:: 3
CETAME_NUM  -0.313653 0.178004 -1.76 0.0849 PourPaint -0.0489 | : P
TS_PERCENT  0.1196384 0.033075  3.62  0.0007° i— 3 ¢
SULFUR_D5453 -0.026569 0.011146 -2.38 0.0214" sEERHIREE Sl i
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Analysis of Average Power Data

/™ Plot of identified model related factors is shown below:

APWR vs. Date & 4 more
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Analysis of Front Exhaust Manifold Temp Data

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests some fuel parameters are statistically significant
— Bot_Sed Water, SpecificGravity
~ Partial Least Squares identifies similar results (VIP pruning = 0.8)

Stepwise Regression Partial Least Squares

~ Response APTURFT Model Coefficients for
4Whole Model Centered and Scaled Data

[* Actual by Predicted Plot Coefficient APTURFT

[ Effect Summary Lab D 01446] ¢ 1

> Lack Of Fit HYDROGEN 0.0771| | i} N

I Residual by Predicted Plot KvA0C 00767 i

4Summary of Fit NET_HEAT_COMB_MJ-KG  0.0709( ;i | | | [BH |
Rsquare 0322115 RO _820-3 0.0523( : ¢ ¢ ¢ :] 2
RSquare Adj 0.279747 A it
Root Mean Square Error 8.698603 CETANE_INDEX 0.0512 Pl :l P
Mean of Response 562.6338 Intercept 0.0000 : : : : : : Do
Observations (or Sum Wagts) 52 Pourbeoint -0.0557 : : :l: : : I

4 Analysis of Variance Cwid_STAB -0.0779 | | | 3

Sum of N P P
Source DF Squares Mean Square  F Ratio i L : : |: : :
Model 3 17258162 575.272  7.6028 CETAME_MUM -0.0898 | |: =
Error 48 36319530 75.666 Prob>F CARBCM -0.0848 | ¢ Pl
C. Total 51 5357.7692 0.0003* AcidNUM -0.1020 l:::

4 Parameter Estimates Lab G1 -0.1547 :
Term Estimate StdError tRatio Prob>|t| Bot Sed Water -0.1706
Intercept 15642024 4827974 324 0.0022° - - _ =
Lab_D 803019 2374794 238 00214
Bot_Sed_Water -1004526 2663898 -377 0.0004°
56 1176446 568.6267 -2.07 0.0440
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‘ Analysis of Front Exhaust Manifold Temp Data

/™ Plot of identified model related factors is shown below:

APTURFT vs. Date & 4 more
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Analysis of Rear Exhaust Manifold Temp Data

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests one fuel parameter is statistically significant

— Loss

~ Partial Least Squares identifies similar results (VIP pruning = 0.8)

Stepwise Regression

Partial Least Squares

~|Response APTURRT
4 Whele Model
I Actual by Predicted Plot
[» Effect Summary
I Lack Of Fit
I* Residual by Predicted Plot

4 Summary of Fit

RSquare 0143476
RSgquare Adj 0.111135
Root Mean Square Emror 7.351449
Mean of Response 556.875
Observations (or Sum Wgts) 56

4 Analysis of Variance
Sum of
Source DF Squares MeanSquare  F Ratio
Model 2 479.8033 230002  4.4390
Emror 53 28643217 54,044 Prob> F
C. Total 55 33441250 0.0165*

4 Parameter Estimates

Term Estimate Std Error t Ratio Prob>|t|
Intercept  553.74386 1.808451 2091.68 <.0001*
RO 822-1 -9.95574 5.306479 -1.88 0.0661

LOSS 6.7795048 3.111704 218  0.0338*

Model Coefficients for

Centered and Scaled Data

Coefficient APTURRT

LOSS 0.1424( i | i g
Bot_Sed Water 01414 | b i
FLASH_Pt PenskyMartens 01150 ¢ ¢ i i [ ¢
RO_822-2 0.1068| | i [EOH
AcidNUM 0.1034| | i (NN
KVAOC 0.0768| : i [I4 i
SULFUR_D5453 0.0245| § P i
T60_PERCENT 00090 | i iiifiii
5G 00027 i it
T70_PERCENT oot | i
T80_PERCEMT 00007 i ii i
Intercept 0.0000
API_Grav -0.0038| i
CETAME_INDEX 00085 i i i i
T20_PERCENT 00153 PGl G
T10_PERCENT -0.0265| i il
T5_PERCENT 00406 | [l PG
Oxid_STAB -0.0808| ; : [N
PartMatter 01472 | I
RO 822-1 -0.1535 | (EE| :
Fuel_Age -0.1891 i
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‘ Analysis of Rear Exhaust Manifold Temp Data

/™ Plot of identified model related factors is shown below:

APTURRT vs. Date & 4 more
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Analysis of Average Tailpipe Temperature

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests one fuel parameter is statistically significant
— KVv40C

~ Partial Least Squares identifies similar results (VIP pruning = 0.8)

Stepwise Regression Partial Least Squares
~Response ATAILPT Model Coefficients for
1 Whole Model P B D Centered and Scaled Data

b Actual by Predicted Plot Al Coefficient ATAILPT

[ Effect Summary ': - E Lab D LA

e 8 9 R KV40C 00912 i | i

ck OF Fit & RO_820-3 0.0746| | |} i

[> Residual by Predicted Plot LOSS 00697 : @ i :

4Summary of Fit T50_PERCENT 00546 : : :
RSquare 0.256515 JHILHEIE 2T 00s4s o O
RSquare Adj 0.215961 SULFUR_DS5453 o.0484| i I G
Root Mean Square Error 4.554087 Lab B 0.0478| ¢ ¢ 1 |
Mean of Response 405.5424 T70_PERCENT 0.0475| P i Bl G
Observations [or Sum Wagts) 59 CETAME INDEX 0042 P |

4 Analysis of Variance T80_PERCENT 00442 i P

Sum of T90_PERCENT 0.0380| i (i i

Source DF Squares Mean Square  F Ratio Intercept 0.0000

e oo
rmor . [ . rob > 8 6 H
C. Total 58 17646441 0.0008" RO_822-1 -0.0%71 §|: ;
_ POLYN_AROM  -0.0476 | | [ :

4 Parameter Estimates Owid STAE -0.0650| I::: ;
Term Estimate StdError tRatic Prob>|t] Lab G 00655 | | BN |
Intercept  361.15234 17.76237 2033 <0001 - ] | T i e
RO820-3 7.9741389 353141 226 0.0279* Lab A D'DESE i
Lab_D 49362284 1586989 311  0.0030° FEothIE =LA it
KVAOC 17535183 7.214405 243 0.0184* Bot Sed Water  -0.0919 L
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Analysis of Average Tailpipe Temperature

/™ Plot of identified model related factors is shown below:

ATAILPT vs. Date & 5 more
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Analysis of Average Exhaust CO2(%)

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests some fuel parameters are statistically significant
— Cetane_Index and Flash_Pt_PenskyMartens

Stepwise Regression Partial Least Squares
~ Response AECO2 Model Coefficients for
4 Whole Model p b P P D Centered and Scaled Data
I Actual by Predicted Plot 2 E E E o Coefficient AECO2
| Effect Summary ol il il = 4 Lab B 2571 ¢ ¢
N®e ST L i R ————
I Lack Of Fit N m RO_820-3 0.2260 | : |
b Residual by Predicted Plot g'v Kv40C 0.1869 | ! Bk
4 Summary of Fit m E._ AcidNUM 01563 § |} | :I
Rsquare 0.418510 s PourPoint 0.1320
RSquare Adj 0361511 2 FLASH_Pt PenskyMartens 01243 | ¢ ¢ 11 [0 ¢
EﬂootM:ar:SquareError 0.15?8022 g Fuel_Age 00060 i [ G
ean of Response o A F
Observations (or Sum Wagts) 57 SULFUR‘D5453 00201 :l
4 Analysis of Variance 2l s LATE] :]
Sum of HYDROGEN 0.0081| : i: i
Source DF Squares Mean Square  F Ratio AP|_Grav 0.0003
Model 5 0.9055083 0181102 7.3414 Intercept 0.0000| & &
Errar 51 1.2580017 0.024668 Prob> F POLYN AROM 0oos| i
C. Total 56 2.1636000 - ' EEREE
AP R 5G -0.0059) ¢t ]
arameter tstima : . MET_HEAT_COMB_MJ-KG  -0.0198| | | i i[| i
Term Estimate Std Error t Ratio Prob:>|t| HE H
Intercept 50637115 1.247492 406 0.0002° CARBON 004031 10 i :
RO_822-1 -0.204799 0.120816 -1.70 0.0951 EBP -0.0610| ¢ i E:
Lab_B 0.268237 0.062791 427 <0001 T95 PERCENT 0.0776| ¢ |___ P
Lab_G1 0.1170561 0.04804 244 (0.0184° ¥ P .
CETANE_INDEX 00580868 0.025503  2.31 0.0248° b Sl |
FLASH_Pt PenskyMartens 0.0065265 0.003756 174 0.0882 Lab_A -0.1704 | ¢ P
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Analysis of Average Exhaust CO2(%)

/™ Plot of identified model related factors is shown below:

AECO2 vs. Date & 5 more
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Analysis of Soot4

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests some fuel parameters are statistically significant
— AcidNum, SFC_Arom, Carbon, T10 Percent, and Loss

Stepwise Regression Partial Least Squares
~ Response SOOT4 Model Coefficients for
. Whole Model bbb Db b D Centered and Scaled Data
b Actual by Predicted Plot > 00 Coefficient 50014
88|83 828 LOSS 01604 i | { |
> Effect Summary MYENE |: w4 : P
ok OF F RIZIBISI® SFC_AROM 0.1545| : i !
1 221508 CARBON ooora| | ¢ | R
ReSIduaIbyPr.edlcted Plot E RO_820-3 0.0868 —'—'—l
Y e Lab_D o861 | || [EEE!!
uare L [ 5 8 6 o N
RSquare Adj 0.26828 POLYN_AROM e 2880 :l 2
Root Mean Square Error 0.242007 Te0_PERCENT 0.0422 :l
Mean uf!lespcmse 3.822712 T70_PERCENT 0.0330 j
Qbsenvations (or Sum Wats) 59 Intercept o.oo00| ¢t HE
4 Analysis of Variance IBP -0.0476 |:
Sum of 781 N
Source DF Squares Mean Square  F Ratio HYDROGEN -0.0575 3 4 :|: 3
Model 6 1.5068500 0.266143  4.5442 T20_PERCENT -0.0631( ¢ ¢ I
Error 52 3.0455072 0.058567 | Prob > F APl Grav -0.0678 | | ; [::
C. Total 58 .4.6423661 KV40C 00681 | | [BH i
< Parameter Estimates PartMatter -0.0735
Term Estimate Std Error tRatio Prob>|t] ¥ w57 ot
Intercept 21482231 768204  -1.93  0.0591 UI_rEr 2l L : |: P
RO822-2  -0.272059 0.129744 -210 0.0409* FLASH_Pt PenskyMartens  -0.0850| | ([ © :
AcidNUM  -17.38483 7.575665 -2.29 0.0258* T5_PERCENT -0.0886 | |
SFCAROM  0.0091064 0005020 181 0.0759 RO 822-2 _0.070| i [Dog |
CARBON 15132248 0.880526 2.4 0.0466* i 6
T10_PERCENT -0.013375 0.004717 -2.84 0.0065 CETAME_NUM -0.1403 | (22T 3
LOSS 02144288 0.106339 2,02 0.0489 AcidNUM -0.1485 3 §
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‘ Analysis of Soot4

/™ Plot of identified model related factors is shown below:

500T4 vs. Date & 6 more
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Analysis of Soot(@12cSt)

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests no fuel parameters are statistically significant

Stepwise Regression Partial Least Squares
~ Response SOOT(@12¢St) Model Coefficients for
4 Whole Model Centered and Scaled Data
b Regression Plot Coefficient S00T(@12c5t)
: Lab_A 0.1321 .
[* Actual by Predicted Plot PourPoint 0.0046| | |1
[ Effect Summary Bot_Sed_Water 0.0733| i |}

b Residual by Predicted Plot CETANE_INDEX o.0408| i i i [
4 Summary of Fit RO_820-3 0.0393 :
RSquare 0.090504 Intercept 0.0000 el
RSquare Adj 0.074639 POLYN_ARCM -0.0365| : §|: ;
Root Mean Square Emor ~ 0.383538 Fuel_Age -0.0381| | | (N
Mean of Response 5.850847 EBP -0.0383 [::
Chbservations (or Sum Wagts) 50 Lab G1 -0.0421 |:
4 Analysis of Variance T10_PERCEMT -0.0463| | | I

Sum of T95_PERCENT -0.0500| | | I

Source DF Squares Mean Square  F Ratio AcidMUM 00533 l::
Model 1 0.8352787 0.835279  5.6783 . :
Error 57 8.3847790 0.147101 Prob> F el ~LALTEE g l—_— g
C. Total 58 9.2200576 0.0205* RO_822-1 -0.0605| | | )
r - ra B H

< Parameter Estimates ::EL;SH‘Pt‘PEHSk}MErtEM gg:g?
Term  Estimate StdError tRatio Probs|t] e [:: §
Intercept  5.763641 0.061415 93.88 <.0001° e -0.0653| | | [ 3 4
lab A  0.251359 0.105484 238 0.0205° Lab D -0.1083 L
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‘ Analysis of Soot(@12cSt)

/™ Plot of identified model related factors is shown below:

SOO0T(@12c5t) vs. Date & 6 more
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Analysis of Soot5

/ Predictive Modeling results:

~ Stepwise regression with mixed selection (p < 0.10)
« Model suggests PourPoint parameter is statistically significant

Stepwise Regression Partial Least Squares
- Response SOOT5 Model Coefficients for
4 Whole Model Centered and Scaled Data
[> Actual by Predicted Plot Coefficient S00TS
b Effect Summary Lab_A 02036 : i : |
b Lack OF Fit PourPoint 01326 § | i :
b Residual by Predicted Plot Bot_Sed_Water 00842 i i I G
4 Summary of Fit CETAME_INDEX 0.03e7 :|
RSquare 0.141125 Intercept 00000 ¢ 0 i | i b
RSquare Ad) 0.11045 I H
Root Mean Square Error 0.519637 T3_PERCENT -0.0043 R
Mean of Response 6.528136 IBP -0.0054) ¢ 0
Observations (or Sum Wagts) 59 FLASH_Pt_PEHEk}"MEIr‘tEHS -0.0402 E
4 Analysis of Variance EBP 00760 E:
Sum of RO_822-1 00799 i Il
Source DF  Squares MeanSquare F Ratio = i
Medel 2 2484825 1.24231  4.6008 T95_PERCENT 00873 [ |
Error 56 15121270 0.27002 Prob> F Fuel_Age -0.0889| i ([N i
C. Total 58 17.603895 0.0141* A 'I:I_NLIM DI1EI11 : [::
< Parameter Estimates o ' - i
Term Estimate StdError tRatio Probs[t] Lab_D -0.2073 A
Intercept  6.5420416 0105864 6180 <0001
LabA 03131723 0143234 219 0.0330°
PourPoint 0.0089376 0.004609  1.84 0.0575
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‘ Analysis of Soot5

/™ Plot of identified model related factors is shown below:

S00T5 vs. Date & 5 more
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Analysis of T11 Fuel Property Data

2 **Caution** regarding interpreting analysis results:

~ Due to the multicollinearity relationships between fuel properties,
follow-on designed experiments would be necessary to provide
additional evidence to confirm conclusions found in this analysis
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Plots of T11 Fuel Properties vs. Pass/Fail Parameter Data
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Graph Builder

SOOT(@12cSt) & 3 more vs. Date & AcidNUM
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Graph Builder

SO0T(@12c5t) & 3 more vs. Date & APl Grav
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Graph Builder

SO0T(@12c5t) & 3 more vs. Date & AROMATICS
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Graph Builder

SOOT(@12cSt) & 3 more vs. Date & AshWt Pct
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Graph Builder

SOOT(@12c5t) & 3 more vs. Date & Bot_Sed Water
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Graph Builder
SOOT(@12c5t) & 3 more vs. Date & CARBON
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Graph Builder
SOOT(@12c5t) & 3 more vs. Date & CETANE_INDEX
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Graph Builder
SOOT(@12c5t) & 3 more vs. Date & CETANE_NUM
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Graph Builder
SOOT(@12cS5t) & 3 more vs. Date & EBP
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Graph Builder
SOOT(@12cSt) & 3 more vs. Date & FLASH_Pt_PenskyMartens
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