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Introduction TAT

 Motivation — Establish a centralized facility to support
continued approval/certification of candidate alternative jet
fuels through the ASTM process

 Objectives
— Fuel property and composition testing
— Support for rig/engine evaluations
— Coordination of OEM approval process

« Outcomes and practical applications
— ASTM research reports for OEM approval
— Creation of D7566 annex
— Recognized focal point for management of D4054 qualifications
process
— Increased supply of secure, safe alternative aviation fuels



Primary Tasks TAT

« Alternative Fuel Candidate Evaluation
— Shell IH2, IHI Bb-oil, Swedish Biofuels, Fulcrum Bioenergy FT co-
processing being tested

« Coordination of Research Report Review Process
— ARA CHJ, Virent SAK, IHI Bb-oil (Fast Track)

« GCxGC Method Development — hydrocarbon type and

trace polars methods
— Replace D2425 mass spec method
— Method documentation, precision determination, comparison with
other labs/columns/modulators
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Candidate Fuels in Queue A::AE NTT

AVIATION SUSTAINABILITY CENTER

Exploratory Discussions

No Change
l \ Presentation at ASTM in June, _ _ No Change
Global follow-up mtg at FAA Virent SK Virent grl]\{en go-head from new corporate
P : ? (Inactive) ownership, program active again.
BioEnergies? POET? GE completed combustor rig testing under
Vertimas? Virent SAK FAA CLEEN program

SBI :

. PN

BioEnergies? GSR/GTI?

| Tier3 Tierq |
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| BOEING
Phase 2
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OEM Review &

Specification
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Annex A1 FT-SPK |

Tier 1 &2 testing L QHIB/ Annex A2 HEFA |
Shell IH2 complete, draft Research HFP-HEFA > ; , Annex A3 SIP |

7
- . I »
Rpt in process, shock  Green Diesel) ¢ ; - mmtnl.!,m_L Annex A4 FT-SKA l

ATJ-SKA (Byogy, tube test at Stanford & [ —— =
Swed Biofuels) initial referee rig test at AST) Annex AS ATJ SPK

AFRL completed. No Change T (Isobutanol)

HDCJ (KiOR) (Inact OEM Step 3 review commentsin, | ASTM Balloting Process Specification &
— awaiting responses from Boeing. Boeing (Ethanol)
UDRI did polars analysis of "}’°”;'”t9 "‘:('th NteSte. = t'.”"e.s“gate ARA CHJ Concurrent re-ballot Lipids Co-
Swedish Biofuels aromatic cut SEASIOERCONISIINSHON SSHES IHI HC-HEFA closed Sept 26. Two processing (D1655)

to assess trace material content i negatives, both on
for impact on JFTOT. To be S e e FT Co-processing dielectric data. ARA
Ballot issued Oct 17 (D1655) working to resolve.

Mark Rumizen : -
Oct 17,2019 reviewed at Dec OEM meeting




Gantt

Schedule for Current Fuels
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10 [Task Name Start Finish 12020 2021
] 4th Quarter : |15t Quarter |2nd Quarter i |3rd Quarter 4th Quarter : 15t Quarter 2nd Quarter § [3rd Quarter
Aug | Sep Oct | Nov | Dec Jan Feb | Mar Apr May Jun ul Aug | sep Oct Nov Dec Jan_ | Mar Apr | May Jun ul Aug
1 ARA CHJ Mon 8/8/16 Mon 12/30/1
| 2 | Step3-Phase 1 0EM Review Mon 8/8/16 Wed 3/1/17
3 | Step4-Phase 1 OEM Feedback Wed 3/1/17 Wed 3/1/17 Concurrent ballot closed Sept26. Two
ST Step S - Phase 2 Testing & Report Wed 3/1/17 [Thu 2/1/18 negatives relating to dielectric data
S Step 6 - Entry Screening Thu 2/1/18 Wed 10/31/1 . - g
| 6 | Step7- OEM Engineering Review Wed 10/31/1Fri 3/1/19 Boeing/Neste deciding on future
7 | Ballot Fri3/1/19  Mon 12/30/1 actions in response to OEM comments Legend
* |HEP-HEFA Mon 6/12/17 Thu 4/30/20 ) on Phase 1 Research Report
| 9 | Step3-Phase 1 OEM Review Mon 6/12/17Sat 9/30/17
10 | Step4 - D4054 Admin Sat9/30/17 Mon 12/31/1
1 Step 5 - Phase 2 Testing & Report Mon 12/31/15un 12/29/1¢| New Fuel or Additive
12 Step 6 - Entry Screening Sun 12/29/15Tue 1/28/20
13 | Step 7 - OEM Engineering Review Tue 1/28/20 Wed 4/25/2(| ) o . . Producer (PROD)
14 Ballot Thu 4/30/20 Thu 4/30/20 | & 4/29/2020 Virent re-lnltlatlng acthlty under new D4054 Administrators
5 \irent SAK Wed 6/28/17Sat 5/30/20 | ) ownership. GE comb rig test completed. (FAA & SwRI)
16 | Step1-Phase 1 Testing & Report Wed 6/28/17Fri 9/1/17 Responding to OEM comments on
17 | Step 2 - Entry Screening Fri9/1/17  Mon 10/2/17 Phase 1 Research Report
18 Step 3 - Phase 1 OEM Review Mon 1/22/18Fri 3/16/18
19 Step 4 - Phase 1 OEM Feedback Fri 3/16/18 Mon 12/31/1
20 | Step5 - Phase 2 Testing & Report Mon 12/31/1Fri 1/31/20 |
| 21| Step 6 - Entry Screening Fri1/31/20 Sat2/29/20
22 Step 7 - OEM Engineering Review Sat 2/29/20 Sat5/30/20
2 | Ballot $at’s/30/20 Sat5/30/20 | & 5/30/2020
% |HI Bb-oil Thu 2/28/19 Wed 4/1/20 el )
| 25 | Step1-FsTrk Testing Thu 2/28/19 Tue 5/14/19 Sub J Fast Track ballot
26 | Step 2 - Entry Screening Tue 5/14/19 Thu 5/30/19 issued Oct 22
27 | Step 3 - OEM FsTrk Review Thu 5/30/19 Tue 10/1/19
28 | Step 4 - Ballot Prep Tue 10/1/19 Tue 10/15/1¢
29 | step5- Ballot Phase Tue 10/15/1¢Wed 4/1/20
30 Shell IH2 Thu 2/1/18 Mon 6/28/21)
31 | Step1- Phase 1Testing & Report Thu2/1/18 Tue 12/31/19
32 Step 2 - Entry Screening Tue 12/31/1¢Thu 1/30/20
33 | Step3- Phase 1 OEM Review Thu 1/30/20 Wed 4/29/2(]
34 Step 4 - Phase 1 OEM Feedback Wed 4/29/2CWed 5/27/2(]
35 Step 5 - Phase 2 Testing & Report Wed 5/27/2CFri 2/26/21
36 | Step6 - Entry Screening Fri2/26/21 Mon 3/29/21 Tier 1 & 2 testing complete, NJFCP initial refereerig &
37 | Step7 - OEM Engineering Review Mon 3/29/21 Mon 6/28/21 shock tube tests cpt’d, draft Research Rprtin process
38 Ballot Mon 6/28/21 Mon 6/28/21 & 6/28/2021
** FT Co-Processing [Tue /1/19 Moma/a/
40 | Testingand Report Tue 1/1/19 Mon 9/16/19, ..
i Mon 8/16/18Thu 8/19/19 Anticipate only one round of OEM
42 | OEMReview Thu 9/19/19 Tue 10/22/1¢ : et A= o g
e T e ] s review similar to LIpIdS‘ co-processing |

October 18, 2019




Status of Subcontracts for ASTM =7 A =2

Research Report Review ASCENT
« SWRI All Subcontracts Extended report
review (% to Aug 2020

- Honeywell —
 Rolls Royce
| Additional Funding
Needed to
* Pratt ¢ Continue the ASTM & Whitney
. Boeing — Approval Process

EBOEING
8



Generic Annex - Fast Track Annex TAT

AVIATION SUSTAINABILITY CENTER

 Generic Annex D7566 — no OEM review process
— Stringent property requirements
— Feedstock and process not defined
— Push back from OEMs on approval without OEM review
— Abandoned in Spring/Summer 2018

« Fast Track Annex for D4054 — defines new

streamlined approval process
— Stringent property requirements

— More detailed Table 1 (composition, C# distribution, etc.) —

— Feedstock and process defined
— Includes OEM review requirement
— D7566 annex produced — 10% blend limit?

Fast Track Annex

Approved April 2019!

—

e

Research
report



GCxGC Precision Evaluation TAT

ASCENT
« Completed method documentation — UDRI reports
« Completed intralab precision (“little r") — repeatability

- Finalizing interlab precision ('big R") — Reproducibility

— Modulation methods, reverse vs normal phase, etc.

Outside Lab: similar instrument and method O Outside Lab: different instrument and method
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Shell IH2 Technology VAN

ASCENT

Hydropyrolysis & hydrotreating of biomass

Woody biomass, MSW, Ag residue, etc. B Molecvls wih O

~95% cycloparaffins (5% other paraffins) ... “ {\_/1 \:/

Original sample showed storage F— e

degradation ;;;;s:fcl

New sample evaluated — received Jan 2019 e o

High cycloparaffin content — likely requires . \_/ \_/ ¥,

Tier 3/4 evaluations — combustor rig/APU "

NJFCP evaluation just completed

— Referee rig cold LBO @ UDRI/AFRL

— Shock tube ignition delay @ Stanford

— Additional referee rig work proposed — hot LBO
and ignition

Fuel Molecules without O

11




Shell IH2 Results

Unusual composition

— Very high cycloparaffin content (95.7%)
— Very high density (0.832 kg/m?3)

All other properties look good to date

— Seal swell much improved over iso/normal

paraffinic fuel

50/50 blend meets all D1655 properties

OEMs require Tier 3 combustion and
extended material compat evaluations

NSEENT

GCxGC Hydrocarbons

POSF-10325 POSF-13511 POSF-13512
Jet A IH2-CPK-0 50/50 Blend
Hydrogen Content (weight %) 14.0 13.8 13.9
Average Molecular Weight (g/mole) 159 148 153
Total Alkylbenzenes 12.89 0.05 6.04
Total Alkylnaphthalenes 2.28 <0.01 1.06
Total Cycloaromatics 3.24 0.04 1.51
Total Aromatics 18.41 0.08 8.60
Total iso-Paraffins 28.75 1.70 14.65
Total n-Paraffins 18.96 2.56 10.56
Total Monocycloparaffins 25.11 47.12 35.53
Total Dicycloparaffins 8.53 40.33 25.83
Total Tricycloparaffins 0.23 8.21 4.80
Total Cycloparaffins 33.88 95.66 66.15

Referee rig LBO similar to A-2 fuel & shock
tube ignition delay is normal

C-li o NJFCP Fuels e Fuel Blends
le.
jca
C-1/A-2 (50/50) l
l I C-5
[
A-3 } c3 ]
JIA1
T A-ZI{ I
1H2/A-2 (50/50) 12
10 20 30 40 50
DCN

IDT (us)

60

GCxGC-SPE Polars

T (K) Speciated Polars JetA IH2-CPK-0 | 50/50 Blend
1389 1316 1250 1190 1136 |(mg/L) POSF-10325 | POSF-13511 | POSF-13512

10000 T T T T T T T Phenols 120 <1 64
1 Jet Fuel IDT ShOCk tu be Anilines 3 <1 1

| Fuel/4% O2/Ar L. Indoles 1 <1 <1

1 ¢=1,13 atm Ignltlon delay Quinolines 8 <1 4

1 a ] Tetrahydro-quinolines| 1 <1 <1

‘ 1 ] Pyridines 2 <1 1

. » - Carbazoles 2 <1 1

[ Ketones 54 <1 28

1000 ‘«./ ] Cycloketones 19 <1 10
] 2 - Alcohols 20 1 11
J Aldehydes 6 <1 3

[ A Ethers 1 1 1

. -, - Esters 1 1 1

- m JetAIDT (2019) Phthalates <1 <1 <1

o« m JetA IDT (2018) Other 99 1 52
IH2 IDT (09/2019) Total 336 4 176

100

0.I72 0.I76 0.I80 0.I84 0.88 12




IHI Bb-oil Technology

Open pond algae cultivation — algae strain
selected and bred to maximize hydrocarbon
production

Typical algal processing:
— Cultivation, dewatering, drying, extraction,
conversion

80-90% hydrocarbon, 10-20% free fatty acids

CH, CH,

CHs H CHs

Deoxygenation, hydroisomerization/
hydrocracking similar to HEFA processes

Composition similar to HEFA except for high
cycloparaffins — ~30-50%
— high density 0.778, above HEFA SPK limit

Submitted for Fast Track evaluation — Jan 2019

13



IHI Bb-SPK Results </\=

ASCENT
Cycloparaffin content (40.0%) is higher than GCxGC Hydrbcérbons a
other D7566 approved SPK’s (15%) and Fast

Track limit (300/0) et A " HI-BioSPK  50/50 Blend
H eight % eight % eight %

- Cyc | 0 pa rafﬂ n S a re n OW u n d e rStOOd to be Total Alkylbenzenes WI:S; W<0§0; = Gi;
hlghly deSIrable fuel com ponents Total AIkyInaphthzi\Ienes 2.28 <0.01 1.10
Total Cycloaromatics 3.24 <0.01 1.64
. . . . Total Aromatics 18.41 <0.03 9.33
Den S|ty iS h ig h for SPK d ue to h ig h Total iso-Paraffins 28.75 56.00 41.99
Total n-Paraffins 18.96 4.01 12.14
Cyc | 0 p ara fﬂ N CO nte nt Total Monocycloparaffins 25.11 33.66 29.51
. . . Total Dicycloparaffins 8.53 6.02 6.77
—_ An nex wou |d have h |g her |Ower | Im |t Total Tricycloparaffins 0.23 0.27 0.25
Total Cycloparaffins 33.88 39.95 36.53

— Higher density is desirable — more “fuel-like”
All other properties look good to date

-SPE Pol
50/50 blend meets all D1655 properties GCxGC-S olars

Speciated Polars Jet A IHI-Bio-SPK | 50/50 Blend
i R e Ve ; a BB jﬂg/L) POSF-10325 | POSF-13516 | POSF-13517
GCXd Hy lllllllll f@C'arban Phenols 120 <1 57
R R R e i e e dlese s o e Anilines 3 <1 1
‘ : ‘ Indoles 1 <1 <1
‘Iiutlt:\zlyllr;(:;-quinolines i j zll
ridines < <
M#L l‘ m\j (PIZrbazoIes i <i 11
e Ketones 54 <1 26
Phase 1 Research Report submitted June P 22 " n
2019; OEM review completed Aug 2019 e f S i
Esters 1 1 <2
Additional testing performed; new sample Ehihalotes - : 2
just received: Bb-SPK3 Total 3 < 165

14



2019 FY New Tasks TAT

« Fulcrum Bioenergy FT co-processing (syngas from MSW

gasification) — testing VGO feed and FT/VGO product
— To be balloted October 2019

- Referee rig cold LBO of Shell IH? - completed

« Combustion rig & APU evaluations of Shell IH? — not yet
funded

- Database (Project 33) support — not yet funded

« Continued OEM research report review support — need
additional funds to continue after fall/winter 2019

« GCxGC method development/documentation — continuing

15
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Chemical Composition for the =7 A\
Fast Track Annex ASCENT

Need to limit non-hydrocarbon species & select limits

Fuel Non-polar Polars

- Sulfur, nitrogen, oxygen, and metals oading wash elution
. ASTM methods exist for S, N, and metals g —1 T 1
» GCxGC with SPE for polar oxygenates/N o ﬁ
| [
1 8%

- T %

i ‘ ‘ ”';[
! ‘ Nitrogen-containing compounds & Other
' Oﬁ'\er Aromatich coh%?s 2( Ketones
!

i ‘ | ‘. | \ '
‘ ' | 1, Phenols
L : Eycloketones
TN ones & Aldehydes X
! : T " = 1 ' T ¥

7 Ty Alcohols & Esters FAME &
Ethers Phthalates
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GCxGC Method Documentation &
Analysis

- Two phase project — Funding

received Sept 2018

— Phase I progress

Relative Standard Deviation

35

30

25

20

« Document hydrocarbon type
and polars methods

(Completed)

 Precision of GCxGC method

(repeatability — “little r”
— One fuel measured 5 times
over 8 years (2011 - 2018)

Weight Percent

GCxGC

4 Hydrocarbon Type

f_' repeatability

r’q' 5. ....... . ..o e ....°

benzene

toluene

C2- benzene

C3- benzene

C4 - benzene

C5- benzene

C6+ benzenes

Total Alkylbenzenes
Total Alkylnaphthalenes
indans and tetralins
C07 and lower-iso
C08-iso-

C09-iso-

C10-iso-

Cl1-iso-

C12-iso-

C13-iso-

Cl4-iso-

C15-iso-

C16-iso-

C17 and greater
Total iso-Paraffins
Total n-Paraffins
Monocycloparaffins
Dicycloparaffins
Tricycloparaffins

Total Cycloparaffins

Mean (n=5), (wt%)| Standard deviation RSD, %
<0.01 - -
0.10 0.01 11
0.58 0.03 5.2
2.25 0.06 2.6
3.46 0.04 1.3
2.74 0.03 1.0
5.00 0.13 2.6
14.13 0.14 1.0
1.55 0.03 1.9
6.28 0.08 1.3
0.21 0.06 29
0.51 0.09 18
1.28 0.18 14
4.05 0.20 4.9
6.46 0.34 5.3
5.93 0.40 6.7
5.83 0.17 3.0
4.30 0.30 7.0
3.08 0.20 6.6
1.22 0.23 19
0.48 0.01 2.9
32.77 0.61 1.9
19.36 0.15 0.8
20.44 0.41 2.0
5.40 0.21 3.9
0.05 0.01 23
25.9 0.49 1.9




GCxGC Method Development & /N~
Documentation ASZENT,

Phase I progress (continued)

UDRI Method FC-M-101, “Flow i
Modulation GCxGC for HYCI rocarbon RRmIT,
Type Analysis of Conventional and

Alternative Aviation Fuels,” UDR-TR- e
2018-40

UDRI Method FC-M-102,
“Identification and Quantification of
Polar Species in Conventional and S,
Alternative Aviation Fuel Using SPE-
GCxGC,” UDR-TR-2018-41

These are included in Fast Track
Annex (D4054) — replace in D7566

annexes?
20



GCxGC Method Documentation &
Analysis (Phase II progress)

 Reproducibility — “big R”

« Comparison with external lab

— Identical GCxGC system
« Columns, modulator, chrom
condx, template, etc.

— RSD usually <2%, except low
levels

Alkylbenzenes
Diaromatics

Cycloaromatics
Total Aromatics

iso-Paraffins
n-Paraffins
Total Paraffins

Monocycloparaffins
Dicycloparaffins
Tricycloparaffins
Total Cycloparaffins

« Comparison with four external labs
— Various GCxGC systems — modulators (flow and thermal), column sets
(P/NP vs NP/P), chrom condx, templates, etc.

— Currently coordinating reporting methods, templates

E {

E - 0y 0
E /

E % \

3 r X

o o \

E S o

£ wnlle
P e A" S s A A AP e
Colunn | DB 34 (i)

\ 4 A 4
-— -—
-w A
AVIATION SUSTAINABILITY CENTER
Weight % Relative Difference, %
JP-8 HEFA diesel JP-8 HEFA diesel
14.0 <0.01 8.50 0.91 - 10
1.55 <0.01 2.92 1.9 5.4
6.23 <0.01 13.6 0.60 15
21.8 <0.01 25.1 0.89 3.3
323 85.5 235 2.0 0.68 0.12
18.8 12.2 13.7 1.2 2.0 1.4
51.1 97.6 37.2 0.81 0.33 0.58
21.4 2.35 24.1 1.2 12 1.9
5.60 0.038 11.9 7.9 58 0.05
0.094 <0.01 1.45 13 - 11
27.1 2.38 37.5 0.82 13 0.82
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