¥ [ICA0  ENVIRONMENT NO COUNTRY LEFT BEHINDa

SAF Technical Certification

Second Phase of the ICAO Assistance Project with the EU Funding :
“Capacity Building for CO, Mitigation from International Aviation

Bruno Silva

3 to 5 April 2023 Environment Officer, ICAO

Harare, Zimbabwe

© ICAO 2023
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Provide an understanding of the specifications of
Aviation Turbine Fuels, and on the process to approve
new pathways for its production and use on aircraft.
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1. Aviation Fuels Terms and Acronyms
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Aviation Fuels Terms and Acronyms

ATF = Aviation Turbine Fuel also known as JET Fuel

SATF = Synthetic Aviation Turbine Fuel in the context of ATF specifications (e.q. AsTvm p1655, DEF sTAN 91-091)
* SATF can be either semi-synthetic (e.g. 50% sBc) or fully-synthetic (i.e. 100% sBc)
SBC = Synthetic Blend Component (e.g. AsTm p7566, DEF STAN 91-091)

SAF = Sustainable Aviation Fuel is defined as a "renewable or waste-derived aviation fuel that
meets the CORSIA Sustainability Criteria” (Ref ICAO SARPs Annex 16 Volume IV)

SAF = SATF + Sustainability

LCAF = Lower Carbon Aviation Fuel

e |s defined as “a fossil based aviation fuel that meets the CORSIA Sustainability Criteria”
(Ref ICAO SARPs Annex 16 Volume V)
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2. What is Aviation Turbine Fuel (ATF)?
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What is ATF

What is Aviation Turbine Fuel?

ATF is a liquid Hydrocarbon in the C, to C,, range.

ATF does not have a precise chemical composition but is

controlled by property requirements.

Normally ATF is composed of paraffins, naphthenes &

aromatics
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DEF STAN 91-091 Issue 14

Table 1 - Test Requirements

Test Property Units Limits Method
1 Appearance
1.1 isual Appearance (Clear, bright and visually Visual (see Annex F.1)
ree from solic matter
|and undissol i
ambient fue/ |
1.2 (Colour Report
1.3 Particulate mag/l Max 1.0
(Contamination, at point
of manufacture
or
.4 Particulate, at point of | Individual fI anne SC
manufacture, channel ur
cumulative  channel | Counts &
particle counts 1SO Code.
141 |24pm(c) H%
n.4.2 |26pm(c) Repor
1.4.3 [214 um(c) €
1.4.4 (221 um(c)
1.4.5 |225um(c)
1.4.6 [230 ymic)
2 Composition
2.1 Total Acidity img KOH, Max l-:@ IP 354 / ASTM D3242
R.2 Aromatic  Hydrocarh.on
Types
221 Aromatics Max 25.0 P 156 / ASTM D1319
or “ see Note 4)
222 |Total Aromatics Cryes P 436 / ASTM D6379
see Note 5)
23  [Sulfur, Total % m & )30 P336
2.4 [Sulfur, Mercaptan % /v ax 0.0030 P 342 / ASTM D3227
see Note 6)
or
2.5 Doctor Test [Ductor Negative P 30
26 Refining Components, at see Note 7)
point of manufacture
2.6.1 Non-Hydroprocessed % viv [Report
Components.
262 Severely % viv Report
Hydroprocessed
Components
26.3 Synthetic Components | % viv Report, For limits see  (See Note 8 and Annex B)

Annex B

Continued on page 2-7
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3. How is Aviation Turbine Fuel (ATF) produced
& controlled?
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How is ATF produced and controlled

Aviation Turbine Fuel has traditionally been produced from
petroleum crude oils

FEmEan
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A selection of various crude oils that can be transformed into JET Fuel
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How is ATF produced and controlled

ATF is produced from various different feedstocks and
transformed by numerous chemical processes.

Density and sulfur content of selected crude oils
sulfur content (percentage)

SoUr 3.5
# Mexico- Maya
SaudiArabia-Arab
3.0 & Heavy
Kuwait - Kuwait H
25 ¢ Crude oils have
United States-
& UAE-Dubai H H
20 Mars o — different properties
SaudiArahia-Arab
Iran-Iran Heavy * * Light d d . h
1.5 # [ran-Iran Light epen Ing on wnere
FSU- Urals
. . o Oman-Orman they are from
Ecuador-Oriente
05 Morth Sea- Brent
' Libya-Es Sider ®  ® #® njtaqd States- WTI ,
Migeria-Bonny . Algeria-Sahara
Light * # United States- LLS * Blend
swest 00 : : - - Malaysia-Tapis
" 20 25 20 35 40 a0
heavy APl gravity (a measure of crude oil density) -, light
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o How is ATF produced and controlled

Volume % distilled
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various processes must be
applied to obtain the desired
end products
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How is ATF produced and controlle

ATF is produced from various different feedstocks and
rocesses.

=== Fuel Gases
——p LPG

v r
Gasoline/Naptha
Sweeting, Treating
& Blending

Atmospheric
Distillation

eeeee

&Blending

Distillate
Sweeting, Treating

Distilate Fuel Oils

Diesel

Distillation

Residual Fuel Qils

Example of what refinery processes look like
© ICAO 2023
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o How is ATF produced and controlled

Aviation Fuel Production Pathways (1945 to 1999)

Categol .
gory Processed Fossil Fuels
Feedstock
Process™
Refinement
Hydroprocessing
Including Co-processing

Fuel
categories
Companies
(not exhaustive)

HE
Expected o § F
or gt =
Achieved 2 8
ASTM O 2 §
Approvall S
Date

S

For over half a century
the production of ATF
was restricted to
transforming crude oils.
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How is ATF produced and controlled
Aviation Fuel Production Pathways (1999)

Category In 1999 the first non
Feedstock petroleum production
———————————————————————————————————————— pathway was approved
Process™
———————————————————————————————————————— Coal was transformed
using the Fischer
Refmement _ — Tropsch (FT) Process to
| Fcioprocessing & Catalyic Uparading make the first SATF
categories r it chebloRes N ) known as Coal-To-
Liquids (CTL).
e Py
. SATF-CTL has been
cveced £ safely used in South
8 g Africa for over 20 years
&

* Drocess/ information is shown for di tic purposesonly
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How is ATF produced and controlle

Aviation Fuel Production Pathways (2009-2011)

Catego = .
gory Lipid-based Fuels Processed Fossil Fuels Carbohydrate-based Fuels
Feedstock
Camelina, algae, etc. m 2 Lign;zi):rarz'l:;lsnslc
Lipids
Process**
__________________________________________________________________________________
l hJ
Refinement d
Hydroprocessing
(hydrotreating, hydrocracking, or hydroisomerization,) Hydroprocessing
Fuel > op
_____________________________ ‘r —_—————— e — — — [ —— e e . - e e, e e e e e, e — — —————
Blend Component tiona
Companies AGIP, BP, Chevion Shell || sasol,
EXXON, Philips Rentech,
, Rosnef Solena
SASOL Shell,
SINOPEC, TOTAL,
etc
g
55 . 3
Expected|q & | =
Achieved| 4 @
Approval| § 3
Date
g;g DERD

** Process / information is shown for diagrammatic purposes onfy

In 2009 the use of other
non petroleum
feedstocks were
permitted

new fuel specification
(ASTM D7566) was
created to capture and
control the more
stringent requirements

© ICAO 2023



‘@. ICAO  ENVIRONMENT NO COUNTRY LEFT BEHIND
‘ How is ATF produced and controlled

Aviation Fuel Production Pathways

Category i Carbohydrate-based Fuels

Feedstock Exhaust/ | Atmospheri i i
s . ! pheric Lignocellulosic
3 3 a waste gases|  CO, biomass Bagasse Sugar cane, etc

2023
7 conversion processes
approved

Fermentation +

] 1

Process z Eddy_ Gasification
Conversion

Refinement mw— : _ Mydroprocessing Alcohol 2 distinct co-processin
et | Ui S j*'*““f“‘“ YL P g
Catnlytl i Oligomerization processes (non

Fuel HEFA T Fischer-Tropsch (FT Alcohol To Jet (ATJ) petroleum feedstocks
| Blend Component 24 amu s FP ‘ c.J.‘EEé‘m COH“““""“'J‘@@J;‘;:’ Co-proces i i K _

3 g RERET co-processed with crude
se
ChEVTDI'I BP,| | agie, P Chevran Sasol, SPK Byogy, GEVO, 'I
shb EXXON, Pi Rentech, SKA Lanzatech, Global  [Cobalt / USN, OI ),
Phil Solena Swedish || Bioenergies uop, .

Companies

1 SIP
SASOL Shell, Biofuels Lanzatech A‘rr"u!l':fi
8

SINOPEC, TOTAL,
ete

2 01686 2018 D4655 2020 § |
Expected| g § | = ¥ 2 2
e CHE [ I
Achieved| 3 & A -2019 = 2023 A52016
asa |8 §| | (2028 (2 200 2000 | e e e
Approval] & | @ - 202
Date &
= ASTM | DERD
[5 <] [ 2023 |[ 2023 | o | e
*Green H = Hydmgen produced from renswable energy sources &.g. wind/solarydro ** Brocess / infe tion is shown for diagl i anly
AL, A2 A3, A4, AD, A6, AT refer to ASTM D7366 annexss =={Dales|are estimations only, &s of October 2022
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Approved SATF Conversion Processes

See: www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx

ASTM Conversion process Abbreviation Possible Feedstocks Blending ratio by Commercialization proposals / Projects
reference volume
ASTM D7566 |Fischer-Tropsch hydroprocessed synthesized paraffinic T Coal natural gas. biomass 50% Fulcrum Bioenergy, Red Rock Biofuels, SG Preston,
Annex 1 kerosene ! gas, ? Kaidi, Sasol, Shell, Syntroleum
ASTM D7566 ) - i i
Annex 2 Synthesized paraffinic kerosene from hydroprocessed HEFA Bio-oils. animal fat. recvcled oils 50% World Energy, Honeywell UOP, Neste Oil, Dynamic
esters and fatty acids ! - recy Fuels, EERC
ASTM D7566 N )
Annex 3 :Z;::SIZM iso-paraffins from hydroprocessed fermented SIP Biomass used for sugar production 10% Amyris, Total
ASTM D7566 Synthesized kerosene with aromatics derived by alkylation . 50%
Annex 4 . . FT-SKA Coal, natural gas, biomass Sasol
of light aromatics from non-petroleum sources
ASTM D7566 )
Annex5  |Alcohol to jet synthetic paraffinic kerosene ATJ-SPK  [Biomass from ethanol or isobutanol production 50% G.evo, Cobalt, Honeywell UOP, Lanzatech, Swedish
Biofuels, Byogy
ASTM D7566 ’ . . . o
Annex 6 Catalytic hydrothermolysis jet fuel cHI Tnglyc}endgs suc‘h as soybean o, Jatropha o, >0% Applied Research Associates (ARA)
camelina oil, carinata oil, and tung oil
D . - .
ALV Synthesized paraffinic kerosene from hydrocarbon- Algae 10% IHI Corporation
Annex 7 . HC-HEFA-SPK
hydroprocessed esters and fatty acids
AL (S co-hydroprocessing of esters and fatty acids in a co-processed [Fats, oils, and greases (FOG) co-processed
Annex Al . ) . 5%
conventional petroleum refinery HEFA with petroleum
ASTM D1655 co-hydroprocessing of Fischer-Tropsch hydrocarbons in a co-processed |Fischer-Tropsch hydrocarbons co-processed 5%
Annex Al . ) X Fulcrum
conventional petroleum refinery FT with petroleum
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This IS

Current D7566 SATF Production Concept e
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_.‘ * ASTM D7566 .,
. . Synthetic Aviation <
- = Turbine Fuel (SATF)

= ASTM D1655 =

- Conventional Aviation —’ I # . 1

. Turbine (Jet) Fuel .

. . Conventional = -

= -

. Crude Oil Jet Fuel :

“ N

(ASTM D1655)
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N “ Synthetic Aviation

. . ’ Turbine Fuel

z ASTM D766 Annex Ax | m—p . (up to 50% renewable)
. Synthetic Blend .

. Component (SBC) 3 n K
. . Synthetic = ‘e, Lo°
[ ] R bl converS|on Blend : Sy EEEEEEEEEEEEEEEEEEEEEEEEEES

= enewable .

" Process Component

..IIIIIIIIIIIIIIIIIIlfpmstQQKgIIIIIIIIIIIIIIIIIIIIIIIIIIIII(mMID1566r
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Co-Processing Pathways

ASTM D1655 a8 - | Currently Limited to <5%
Annex A1 g = of feed to refinery —
Co-Processing ' »1
enewable Co-Processed Jet Fuel
Feed Stocks (ASTM D1655 Annex A1)
(>= 95% petroleum/=<5% renewable)
Be. pEPTTL P T
y s Synthetic Aviation "
ASTH D655 G- Turbine Fuel (SATF) :
Conventional Aviation R l
Turbine {Jet) Fuel P .
. i Conventional : @ —=
Crude Oil Jet Fuel :
(ASTM D1655) 7 ! '
Synthetic Aviation
- Turbine Fuel .
ASTM gﬁg :;i'l";fe‘:; (ASTM D7566 & D1655) i
: Component (SBC) (up to 50% renewable) :
: i * : . Synthetic Blend : *,, o
" T onversion " sEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE an®
' Component
: Renawabe Process ASTM D7566
“opmmnnensensassessmmnmense] FO8A SIOBKS. ... .uoverssesersssessesssssenenses st L
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Why blending is required?

n‘clz
n-Cyo

N-Cq

Aviation Turbine fuel (ATF)
100% petroleum n-Cg n-Cye

(Ap,orovT for flight) l ’Ill l n-Cm
A A

SATF = ATF+SBC
(Approved for flight)

f

100% SBC
(Synthetic
Blend Component)

Not approved for flight
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100% SATF Specification
SATF Composition Compared to Jet A Fuel

Composition

Compositional
Subset

Annex A1 Annex A7
Compositional '. FT-SPK Naphthalenes HC-HEFA 'b

Subset
Annex A2 Aromatics Fully
'b HEFA-SPK Isoparaffins Formulated
S
CHJ '
SIP

Normal Paraffins
“ Annex A4
'b FT-SPK/A

al Subset

Compositional
Subset

Annex A5

ATJ-SPK "

Compositional
Subset

Fully
Formulated
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ASTM Task Group Working on Revision to D7566 to Allow Blending of
Annex Synthetic Blend Components to Allow 100% SATF

Blend A Compositional A A2 g |
mscmreert o I + <
Fully Formulated Annex . .

Blend A Compositional TBD 2023
Subset Annex with a ' Annex A2 + SAK* Annex
Different Compositional b HEFA-SPK >
Subset Annex

Fully Formulated
Allow Use of a Fully

: SATF

Formulated Annex m “ -—

Without Blending ' ', - (aJet A orlet A-1
Fuel)

*SAK: Synthetic Aromatics Kerosene

© ICAO 2023
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Airworthiness Authority Approval of Aviation FueJ

The Airworthiness Authority does
not certify fuel,

they certify airplanes and engines
to operate on specified fuel

)
-+
>
P
-

Aircraft Flight Manual

DEF STAN 91-091
—  no person may

operate a civil
aircraft without
complying with the
operating limitations

:  ASTM D1655

: OEM A , atne
Specifications e Powerplant Limitations specified in the
: o . approved AFM
. MIL-DTL : —  Fuel Specification
. 83133 : | Operating Limitations
T e Fuel Engine Ratings and — Powerplant limitations in Airlines May Only
SpeCification Operating Limitations Airplane Fllght Manual Use the Fuel

Specified by the OEM

This Must Control the Fuel Fuel is Evaluated During
Composition and Properties to Aircraft and Engine Here is Where the Airworthiness
Ensure a Consistent Product Certification Authorities Apply Regulatory

Oversight in Operations
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SATF Approval

ASTM D4054 Evaluation Process

_ Tier 2
J Tier 1 @I S SAFRAN
, @ /. BoEING
Phase 1 Honeywell
ASTM RoIIs-Royce’
Researc @) AIRBUS
- Rehort OEM Review &

P Tier3 &4

Specification Fit-For-Purpose
Properties Properties

Requirements

( S saFraN
| /| ECEING

Phase 2

A
ASTM (;neywell
R L@ Rolls-Royce
esearc = .
@) AIRBUS
OEM Review &
Component/Rig Testing Engine/APU Approval
Testing
D7566 uil

Spe:ri:‘ri‘cea;tion o Review by

— National

Airworthiness
Authority

Specification

ICAO Assistance Project with EU funding Phase Il| Capacity Building for CO, Mitigation from International Aviation

25


http://www.test-diagnostics.org/Boeing_logo.jpg
http://www.ashburninlinehockey.com/images/Airbus%20logo%20-%20swirl%20to%20side%202005.jpg
http://www.test-diagnostics.org/Boeing_logo.jpg
http://www.ashburninlinehockey.com/images/Airbus%20logo%20-%20swirl%20to%20side%202005.jpg
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New SATF Producer Guidance NOCOUNTRYLEFTBEHIND ﬁ

< Industry > Airworthiness
N e ASTM Bfgs ™" 2 : Oversight
H - 1 g Synthetic Aviation [ .
: RS @ o n : ; Turbine Fuel (SATF) 'E .
| o — S — BT B

Conventional

Crude Qil Jet Fuel : = :
e e o e e e e e e e Sy o e oes (ASTMD1633..+ : B eiend — *
............................................................................................... : : .

; " Synthetic Aviation  *
: i Turbine Fuel .
i ASTM Dsmg ansfeﬁ; ..__j [ —— HH (ASTM D7566 & D1655) : .
b 5 ow o, - n
Component (s5) : i (up to 50% renewable) - .
At ; s A - Synthetic Blend : ", 5 .
. - onversion component R e e e e e s e e e : . .
. Renewebls Process (ASTM D7566) : There is no requirement for an

................................................................................................

: Airline to Obtain Approval from
: their Airworthiness Authority

There is no requirement from the Airworthiness Authority Certification gﬁy:igsajlféaﬁjsgjpesrﬁ;leguel

to produce SATF. However: _ . ) :
e  An Airline customer may require “due diligence” testing after -
consulting with their aircraft and engine manufacturers :

*  The SATF producer ma?/ need to obtain sustainability certification, :
which do not include flight safety aspects covered by ASTM.
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* SAF can be produced by various conversion processes today.

* Rigorous certification process ensure that SAF is safe to use in
existing aircraft, when blended with conventional fuels

* Work is ongoing to allow flights with the use of 100% SAF

© ICAO 2023
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North American
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and Caribbean South American  ICAQ

(NACC] Office [SAM) Dffice Headquarters
Mexico City Lima Montréal

ICAO

Western and European and

Central African  North Atlantic Middle East
(WACAF) Office  (EUR/NAT) Office  (MID) Office
Dakar Paris Cairo
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Eastern and

Southern African  Asia and Pacific Asia and Pacific
(ESAF) Office (APAC) Sub-office  (APAC) Office
Nairobi Beijing Bangkok
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