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TODAY’S  SAF 101  TAKE  AWAYS

SAF is just a different way to make the same thing 
we’ve used for the last 75+ years

Synthetic production of jet fuel isn’t new

SAF may have/be required to have more paperwork

By the time its at the airport, SAF is just jet fuel –
treat it as such

All aircraft certified to fly on jet fuel are certified to fly 
on jet fuel!
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Why SAF?



Global greenhouse 
gas emissions by 
sector, 2016



Global greenhouse 
gas emissions by 
sector, 2016
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AIRLINES FLY GREEN

COMMITTED TO NET-ZERO 
CARBON EMISSIONS BY 2050
The major U.S. airlines have 
committed to working across the 
aviation industry and with 
government leaders in a positive 
partnership to achieve ne t-ze ro 
carb on emissions b y 2050 .
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What is SAF?
A different way to make the same thing



Source: Kitchen Swagger

“Conventional” Beef



Source: The Well by Northwell

Synthetic Beef



Source: Healthline

Not Beef



Source: Kitchen Swagger

“Drop-In” Beef
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What is Jet Fuel?
A complex mixture of hundreds of unique molecules

Source: ASG Analytik Service
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What is Jet Fuel?
Each batch is unique based on the crude slate and refinery processing

Source: Energy Fuels 2014, 28, 9, 5696–5706, with permission





Source: ASTM International
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What are Synthetic Blending Components
A feedstock processed and converted into one or many unique molecules

Source: Energy Fuels 2014, 28, 9, 5696–5706, with permission
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What is Semi-Synthetic Aviation Turbine (Jet) Fuel?
A mixture of synthetic blending component with conventional jet fuel

Source: ASTM Research Report RR:D02-1925

Synthetic Blending 
Component

Conventional Jet Semi-Synthetic Jet Fuel



Source: KLM
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What is Fully-Synthetic Aviation Turbine (Jet) Fuel?
A synthetic mixture of molecules that without blending is already identical to conventional jet fuel 

Source: Chevron Lummus Global, ARA

Synthetic Blending 
Component

Conventional Jet Fully-Synthetic Jet Fuel



Source: U.S. Navy
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What is Fully-Synthetic Aviation Turbine (Jet) Fuel?
A synthetic mixture of molecules that with blending is already identical to conventional jet fuel 

Source:  LECO Corporation

Synthetic 
Blending 

Component
Conventional Jet Fully-Synthetic Jet 

Fuel

Synthetic 
Blending 

Component



Source: United Airlines
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Source: Millipore Sigma

What is not jet fuel?
Molecules that aren’t found in conventional jet fuel
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Conventional 
Jet Fuel

Jet A

SAF: Sustainable Aviation Fuel

Synthetic Blend 
Component

SSATF

Not Jet Fuel

Biodiesel

Drop-In Jet Fuel

SBC
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SAF Production



airlines.org

How we make (synthesize) SAF

Source: Cleantech Group
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What is Co-Processing?
Processing the SAF feedstock together with crude oil in a conventional refinery
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SAF Approval Process
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ASTM does NOT 
approve fuels for 
use in civil aircraft

Regulators 
check that 

you are 
meeting 

these 
requirements

Airlines 
required to 

follow all 
OEM 

requirements

OEMs 
generally 

accept that 
D1655 

“meets these 
requirements

”

Engine/ 
Airframe 

OEMs define 
fuel 

requirements

SAF Approval Tenets
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FAA Approval/Acceptance of SAF

• Aircraft are 
certified to 
operate on 
specified fuel

• New SBC 
goes through 
ASTM D4054 
process

• If found to be 
equivalent 
then its 
added to 
D7566

• D7566 drop 
in fuels meet 
the D1655 
requirements 
and can be 
used in 
aircraft in 
accordance 
with 
regulatory 
approval 
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FAA Approval/Acceptance of SAF

• Aircraft are 
certified to 
operate on 
specified fuel

• New SBC 
goes through 
ASTM D4054 
process

• If found to be 
equivalent 
then its 
added to 
D7566

• D7566 drop 
in fuels meet 
the D1655 
requirements 
and can be 
used in 
aircraft in 
accordance 
with 
regulatory 
approval PHASE 1

• Tier 1: 
Specification

• Tier 2: Fit for 
Purpose

• OEM review

PHASE 2

• Tier 3: 
Component / 
Rig

• Tier 4: Engine 
/ APU

• OEM review

PHASE 3

• Regulatory 
review and 
concurrence

• Balloting
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SAF Specifications
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ASTM D1655: Aviation Turbine Fuel
Conventional jet fuel

Jet fuel defined in ASTM D1655 
(or DEFSTAN 91-091)

Includes properties and refinery 
processing requirements

Defines acceptable additives and 
limits for incidental contaminants
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6.1 Aviation turbine fuel is a complex mixture 
predominantly composed of hydrocarbons and 
varies depending on crude source and 
manufacturing process. Consequently, it is 
impossible to define the exact composition 
of Jet A/A-1. This specification has therefore 
evolved primarily as a performance 
specification rather than a compositional 
specification. It is acknowledged that this 
largely relies on accumulated experience; 
therefore the specification limits aviation 
turbine fuels to those made from conventional 
sources or by specifically approved processes.

ASTM D1655: Aviation Turbine Fuel
Conventional jet fuel
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ASTM D7566: Aviation Turbine Fuel Containing 
Synthesized Hydrocarbons

SYNTHETIC jet fuel defined in 
ASTM D7566 (or 91-091)

Includes properties and 
processing requirements

Defines acceptable additives and 
limits for incidental contaminants
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ASTM D7566 ANNEXES
Each annex defines a process for synthesizing hydrocarbons that can be blended with jet fuel
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ASTM D7566 ANNEXES
Each annex defines a process for synthesizing hydrocarbons that can be blended with jet fuel

8 
approved 
annexes
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ASTM D7566 SAF Pathways Approved

D7566 
Annex

Process Name Abbreviation Feedstocks Max 
Blend

A1 Fischer-Tropsch hydroprocessed synthesized paraffinic kerosene FT Coal, Natural Gas, Biomass 50%

A2 Synthesized paraffinic kerosene from hydroprocessed esters and 
fatty acids

HEFA Bio-oils, Animal fat, Recycled oils 50%

A3 Synthesized iso-paraffins from hydroprocessed fermented sugars SIP Biomass for sugar 10%

A4* Synthesized kerosene with aromatics derived by alkylation of 
light aromatics

FT-SKA Coal, Natural Gas, Biomass 50%

A5 Alcohol to jet synthetic paraffinic kerosene ATJ-SPK Biomass from ethanol, isobutanol, 
isobutene

50%

A6* Catalytic hydrothermolysis CHJ Triglycerides 50%

A7 Synthesized paraffinic kerosene from hydrocarbon-
hydroprocessed esters and fatty acids

HC-HEFA-
SPK

Algae 10%

A8* Alcohol to jet  synthetic kerosene with aromatics ATJ-SKA Starch/Sugars, Cellulosic Biomass 50%

As of January 2025

*Have the potential to be approved as a 100% SAF in the future
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ASTM D1655, Annex A1: Co-Processing
Processing the SAF feedstock together with crude oil in a conventional refinery

Jet fuel defined in ASTM D1655 
(or DEFSTAN 91-091)

Includes ADDITIONAL properties 
and refinery processing 
requirements

Includes limits of how much co-
processed material can be in the 
final jet fuel product
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ASTM D1655, Annex A1: Co-Processing
Processing the SAF feedstock together with crude oil in a conventional refinery

» Must be noted on the Refinery 
Certificate of Quality that the product 
was co-processed and noting the 
final volume of co-processed material 
in the finished product

» Additional tests are required to be 
listed on the Certificate in addition to 
the standard COA
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91-091 Annex B4: Co-Processing
Processing the SAF feedstock together with crude oil in a conventional refinery

» Co-hydrocracked feedstocks can be 
up to 30% of the volume in and out of 
the refinery stream

» Must be blended 50% max with 
conventional fuel so its 15% max final 
volume
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ASTM D1655 SAF Co-Processing Pathways Approved

D1655 
Annex

Process Name Abbreviation Feedstocks Max 
Blend

A1 Co-hydroprocessing of esters and fatty acids in a conventional petroleum 
refinery

Fats, oils, and greases (FOG) 5% or
15%†

A1 Co-hydroprocessing of Fischer-Tropsch hydrocarbons in a conventional 
petroleum refinery

FT Biocrude 5%

A1 Co-processing of already hydroprocessed esters and fatty acids in a 
conventional petroleum refinery

Hydroprocessed Biomass 10%*

As of January 2025

† DEFSTAN 91-091 allows up to 30% coprocessing of esters and fatty acids of the refinery input stream but final jet cannot exceed 15%; ASTM D1655 remains limited to 5%
*Previously hydroprocessed FOGs /Biomass can be up to 24% of the refinery input stream but the final jet cut cannot exceed 10% synthetic compounds
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SAF Terminology
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What do people mean when they say “SAF”?

Only the synthetic 
molecules

• NOT ok to fly
• NOT ok to receive 

onto airport per 
ATA103, JIG, etc.

• “Neat SAF”
• D7566 Annex

Synthetic molecules 
blended with 

conventional molecules

• Ok to fly
• Ok to receive onto 

airport per ATA103
• “Blended SAF”
• D7566 or D1655

Only fuel that is 
certified sustainable

• Could be ok or NOT 
ok to fly

• Only refers to fuel 
with enough total 
lifecycle GHG or CO2
reductions

There is no one definition…
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Synthetic Blend Component (SBC)

Synthetic blend component (SBC) is the industry accepted technical term 
referring to a finished neat product meeting one of the ASTM D7566 annexes

SBCs are NOT approved as finished fuels and CANNOT be used in aircraft

SBCs require blending with conventional jet fuel prior to testing/certification 
as ASTM D1655 compliant jet fuel
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Synthetic Blend Components (SBC)
Some Examples

HEFA

ATJ

FT

CHJ
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Semi-Synthetic Aviation Turbine Fuel (SSATF)
Also Semi-Synthetic Jet Fuel (SSJF)

Semi-synthetic aviation turbine fuel (SSATF) is the industry accepted technical 
term for a fuel that is a blend of an SBC (synthetic blend component) and 
conventional jet fuel

SSATFs are approved as finished fuels and can be used in aircraft

SSATFs are already blended and is treated as any other jet fuel
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Semi-Synthetic Aviation Turbine Fuel (SSATF)
Some Examples

15% 
HEFA 

with 85% 
jet

10% HC-
HEFA-

SPK with 
90% jet

50% FT 
with 50% 

jet

35% ATJ 
with 65% 

jet
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Fully-Synthetic Aviation Turbine Fuel (FSATF)
Also Fully-Synthetic Jet Fuel (FSJF)

Fully-synthetic aviation turbine fuel (FSATF) is the industry accepted technical term for a 
finished fuel that is made wholly of synthetic components (no conventional jet fuel)

FSATFs may contain fuel produced using only a single method of production or may be 
multiple approved D7566 annexes/production processes blended with each other 

FSATFs are molecularly identical to conventional jet fuel (also meet ASTM D1655) and 
contain aromatic molecules

NO fully-synthetic jet fuels have been approved for use on commercial aircraft YET

Note: FSATF does not refer to “Jet X” or “100% Paraffinic” fuels – these products do not 
contain any aromatics
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Fully-Synthetic Aviation Turbine Fuel (FSATF)

90% 
HEFA 

with 10% 
SAK

100% CHJ

50% FT 
with 50% 

FT-SKA

100% ATJ-
SKA
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3 Types of 100% SAF – only 2 are FSATFs
The term “100% SAF” is used interchangeably to mean different things

100% 
PARAFFINIC
• Not Airworthy 

for all aircraft
• Segregated 

grade of fuel

100% NEAT 
SAF (SBC)
• Molecularly 

identical to jet
• No blending 

required

BLENDS OF 
SBCs
• Molecularly 

identical to jet
• Blending 

required

Sometimes called “Jet X”
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SAF Certification
and Logistics
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SUSTAINABLE AVIATION FUEL

CRUDE OIL REFINING
JET 

FUEL

SYNTEHTIC 
FEEDSTOCKS

JET FUEL

SBCSYNTEHTIC 
FEEDSTOCKS PROCESSING

SSATF

COPROCESSING
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X 2.3 Production of Jet A or Jet A-1 Aviation Turbine Fuel Containing Synthetic Blend Components

X 2.3.1 This a two-step process, where the synthetic blend component is first produced and tested 
in accordance with the applicable annex, followed by blending with a conventional Jet A or 
Jet A-1 fuel or conventional blend components to the prescribed blending limits of 6.1 and 
the property requirements of Table 1 (see Figure X2.1). Note: Blending of the synthetic blend 
components with Jet A or Jet A-1 fuel or conventional blend components is necessary either 
to meet Table 1 property requirements (applies to Annexes A1, A2, A3, A5, A7), or to use a 
conservative and gradual approach to introducing these components into service (applies to 
Annexes A4 and A6).

X 2.3.2 The testing results and properties of the synthetic blend component shall be documented 
and certified to show compliance to the applicable annex.

X 2.3.3 Blending of the synthetic blend component with Jet A or Jet A-1 fuel or conventional blend 
components cannot exceed the concentration specified in 6.1 for the applicable annex.

X 2.3.4 The resulting Jet A or Jet A-1 fuel shall meet the property requirements of Table 1. These 
property requirements may limit the synthetic blend concentration to less than the maximum 
concentration specified in 6.1.

X 2.3.5 The testing results and properties of the blended Jet A or Jet A-1 fuel should be documented 
and certified to show compliance to Table 1 of D7566.

X 2.3.6 Certification to D1655 may then be accomplished without retesting.

Requirements for Certifying SAF Blends
What ASTM D7566 says:
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Requirements for Certifying SAF Blends

Jet Fuel Certified to 
D1655 (paperwork 

exercise only)

Tested and Certified to 
D7566 Table 1 Part 1 
and D7566 Table 1  

Part 2

Blending

Tested and Certified   
to D1655*

Conventional Jet 
produced

Tested and Certified to 
D7566 Annex Table 1 
(and Annex Table 2)

Synthetic Blend 
Component produced

Each SAF Blend should have 3 or 4 COAs!

Blue = Jet Fuel 
Certified for all  

aircraft

Not Blue = NOT Jet 
Fuel. CANNOT be 

used on aircraft

=  C of A generated at this step

*Except when the conventional jet portion is a conventional blend component, then no COA
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Blending tends to takes 
more energy than you think

The blend percentages 
specified in ASTM D7566 are 

maximum limits

Density 
differences 

make 
blending by 
loading into 

same tank 
unlikely to be 

successful

Typically need 
to employ 

some form of 
mechanical 

mixing

Bench 
blending in 
a lab usually 

done first

All the 
property 

requirements 
must be met 

after blending

Not all testing properties 
blend linearly

Important Points About Blending
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2025 SAF Logistics in the US

Today’s vision is strategically placed SAF blending hubs

Vast majority of pre-airfield tanks are not equipped to conduct a proper blend

Infrastructure investments are needed

Pipelines are the safest, most efficient, most economical way to transport liquid fuels

Almost all jet fuel moves by pipeline Today, no pipelines move SBCs Only SSATF can go into a pipeline

Most SBC production facilities are not adjacent to standard refining facilities

SBCs are going to need to be transported neat (prior to blending)
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EI 1533
Quality assurance requirements for semi-synthetic jet fuel and synthetic blending components

Download it for FREE
https://publishing.energyinst.org/

Defines handling 
procedures, testing and 

controls for various 
types of transportation 

and equipment used for 
import, export and 
shipping of SBCs

Describes 
issues 

associated 
with 

blending

Produced 
through 

collaboration of 
the world’s 

leading subject 
matter experts

THE global 
standard for 
handling of 

SBCs
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SAF On Airport
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Accepting SAF into ATA103 Airports

2.2.1. Specification Requirements

Jet fuel shall conform to [ASTM D1655], Latest Revision, “Standard Specification 
for Aviation Turbine Fuel”, Jet A or Jet A-1 Kerosene Type. Alternatively, jet fuel 
shall conform to [DEFSTAN 91-091], Latest Revision, “Turbine Fuel, Aviation 
Kerosine Type, Jet A-1; NATO Code: F-35; Joint Service Designation: AVTUR”.

Revision 2023.1
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Accepting SAF into JIG Airports

4.2.2  For reasons of fuel quality, cleanliness and traceability, only aviation 
fuel products (Jet fuel and Aviation Gasoline) shall be received into 
storage for delivery to aircraft fuel systems.

Issue 13 
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SAF Blending on Airport per DEFSTAN 91-091
Issue 18

B.5.3 The location at which a semi-synthetic Aviation Turbine Fuel meeting this 
Standard is blended shall be upstream of the airport fuel storage depot except 
in the development phase where the volumes involved are small (no more than 
the capacity of one or two fuellers for example). In this case the blending could 
be done at the airport depot in a dedicated tank or dedicated fueller. In this case 
the synthetic component shall be segregated to ensure that this product shall 
not be provided to an aircraft. After blending the fuel shall be quarantined until a 
Certificate of Analysis is provided according to all the requirements of Table 1 
and Annex B of this Standard.



airlines.org

Handling SAF on Airports

No special handling

No additional checks

No equipment mods

Once blended, SAF (SSATF) is just jet fuel!
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Last Thoughts



Source: Kitchen Swagger

“Drop-In” Beef



Source: ASTM International
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Global SBC Availability
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TODAY’S  SAF 101  TAKE  AWAYS

SAF is just a different way to make the same thing 
we’ve used for the last 75+ years

Synthetic production of jet fuel isn’t new

SAF may have/be required to have more paperwork

By the time its at the airport, SAF is just jet fuel –      
treat it as such

All aircraft certified to fly on jet fuel are certified to fly 
on jet fuel!



www.airlines.org

Contact us:
fuel@airlines.org
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