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SAJF

Alternative: Creating synthetic jet fuel by starting with a
different set of hydrocarbons than petroleum ... a synthetic
comprised of molecules essentially identical to petroleum-
based jet (in whole or in part) - enables drop-in approach - no
changes to infrastructure or equipment

Sustainable: Doing so while taking Social, Economic, and
Environmental progress into account

Jet Fuel: Delivering the properties of ASTM D1655

Net LCA GHG reduction: Benefit comes from leaving carbon

molecules in the ground; Instead, utilizing the carbon already
in the biosphere via recycling or dual use \
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Great Green Fleet Launches

January 2016
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SESE Navy oner dellverlng alternative
| fuel to a Japaﬂese shlp

February 2016



Italian oiler delivers alternative fuel to the
U.S. Navy
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August 2016 — Great
Green Fleet arrives In
Sydney Harbor




Energy Conservation Measures and
Operational Procedures

Energy Conservation Measures installed to extend the range of the
Fleet and keep ships on station longer in between refuelings at sea
— Stern Flaps

— Bow Bulbs

— Propeller Coatings
— LED Lights

— Others

!’an’f_‘_l BN -"?M’ > -
Operational Procedures are conscious energy behaviors to increase

our mission capability. Some examples:
— Steady State Transit
— Trail Shaft
— Auto Pilot
— Low Power Radar Operations [&

— Drift Operations




From the Great Green Fleet
to the New Normal

12

2016 Energy Efficiency Efforts had measurable
results

Real mission capability was demonstrated
through the Fleet-wide employment of energy
conservation measures and synthetic fuels.

— 18,000 Operating Hours’ worth of fuel saved
— Fuel for 5 ships for a year

Sustainable alternative fuels are essential to
maintain international interoperability

Strategic flexibility and fuel security result
from diversity of global energy supplies



August 2017 S e Navy awards another contract
for60-M gallons of a 30% blend of F-76 alternative
fuel. Fuel delivery started-en-1 October 2017.
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First flight from continuous commercial production of SAJF, 10 Mar 2016
Fuel from AltAir Fuels, Paramount, CA (HEFA-SPK 30/70 Blend)
C A AFl Now being delivered to LAX fuel farm for everyone’s upload

COMMERCIAL AVIATION
ALTERNATIVE FUELS INITIATIVE



Commercial Aviation’s CO2 Commitments

S —
Biofuels a key component of GHG containment strategy

Aviation's emissions reduction roadmap
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Overall Industry Summary:

* SAJF are key for meeting industry’s commitments
* Aviation enterprise aligned; SAJF delivers net GHG reductions
* Segment knows how to make it; Activities fromFRL1to9
* Commercial agreements being pursued
+ Pathway identified for fully synthetic (50% max blend today)
* CAAFI originally put in place to work a full range of Public-
Private Partnership activities to break down barriers and

lower risk: foster, catalyze, enable, facilitate, participate

* Making progress, but still significant challenges - only
modest production - focus on enabling commercial viability

* Potential for acceleration a function of engagement &
success replication \

CAAFI



CAAFI - Public/Private Partnership

An aviation industry coalition established to facilitate and SlfénAsI(:)Irs

promote the introduction of alternative aviation fuel y
ANA

Goal is development of non-petroleum, drop-in, jet fuel

production with:
* Equivalent safety & performance
* Comparable cost
* Environmental improvement

* Security of energy supply for aviation u RO O

3
Enables its diverse stakeholders to build relationships, share »’h?
and collect data, identify resources, and direct research, Airlines for America
development and deployment of alternative jet fuels .

\
www.cadfi.org CAAFI




Where CAAFI is working
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Feedstock Development D':ii?;;i‘eit
Pathway Development
Sustainability

Price Point

Risk Reduction
Institutional Alignment
Analysis [ Tools
Regional Engagement

International Engagement



... via cooperative R&D efforts
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SAJF offtake agreements

+ UNITED o e from 2016
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SAJF offtake agreements

neat quantites
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SAJF approved production pathways

= Syngas FT (FT-SPK) 50% max blend
§ - Hydroprocessed lipids (HEFA-SPK) 50% max blend
£ - Biochem sugars (HFS-SIP) 10% max blend
< Syngas FT w/ aromatic alkylation (FT-SPK/A) 50% max blend
- Isobutanol conversion (ATJ-SPK) 30% max blend

+ Commercialization for each in development, in some cases by
multiple parties who would use licensing

« Entities may not achieve commercialization for several years
following approval

CAAFI



Navy Synthetic Fuel Specification Status

L]

2018 N e

CHCJ Added
2017 to JP-5 Spec
(100%)
ATJ Added to .
JP-5 Spec
(30%)
L

2018
2017 CHCD Added

to F-76 Spec

SIP Added to ' - (109%)
F-76 Spec (20%)

L7

SIP Added to
JP-5 Spec (10%) 2014

P FT & HEFA
Added to F-76

FT: Fischer-Tropsch Spec (50%)
HEFA: Hydrotreated Esters and -
Fatty Acids
SIP: Synthetic Iso-Paraffins
ATJ: Alcohol to Jet 2013
CHCD: Catalytic Hydrothermolysis Conversion Diesel FT & HEFA

CHCJ: Catalytic Hydrothermolysis Conversion Jet Added to JP-5
Spec (50%)
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Achieving Cost Competitiveness
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Enabled by:

* R&D

* D&D Support
*  Policy

* Commercialization learning-
curve progression

*  Build-out — Scale
*  Competitive uses
* Valued co-products

* LN )

Enabling approaches informed
by analytics
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Sustainable Alternative Fuels
INn Aviation
2010: 50%




Sustainable Alternative Fuels
In Aviation

2016: 100%
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Sustainable Alternative Energy
In Ships
1775: 100%
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Tindal.CAAFI.LAD(@Gmail.com
Chris.Tindal@CAAFl.org
www.CAAFl.org
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FUELING SOLUTIONS FOR
SECURE & SUSTAINABLE AVIATION
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Achieving net LCA GHG reduction

Petroleum based Jet

CAAFI



Achieving net LCA GHG reduction
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Refining — =) g

Sustainable Alternative
Petroleum based Jet Jet Fuel
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Achieving net LCA GHG reduction

Crude to Conventional Jet - -+
Cattle By-products to HEFA-J - ——
Corn Grain to AF-J - i
Rapeseed Oil to HEFA-J - -
Jatropha Qil to HEFA-J - +
Salicornia to FT-J and HEFA-J - .
Soy Oil to HEFA-J - +
Red Maple Wood to APP-J - —_—t
Camelina Qil to HEFA-J - +
Switchgrass to AF-J - t
Algal Oil to HEFA-J -

Tallow to HEFA-J - + ——— 65%
UCOto HEFAJ{ + < 787%

-+ Net GHG reduction

o % 4o 6 @ 10 13 w0 aw L :
WTWLif:Cycle GHG Emi;sions: gCO,eMJ,, Sustainable Alternative
Jet Fuel

AAFT



Why Aviation cares about SAJF

Aviation commitments -
* Decouple carbon growth ot o ey Lo
i 1 ' Corn Grain to AF-J - _—
* No other viable options ! oo i
o Jatropha Oil to HEFA-J - -+
Industry allgnment on Salicornia to FT-J and HEFA-J - ————
o. o Soy Qil to HEFA-J - +
SAJF value proposition oo Wt oAPe ||
Camelina Oil to HEFA-J - +
* Net carbon relief ! Swichgrass © AP T
* I ty, Price stabilit e
r -
Supp y sure ),,’ y Tallow to HEFA-J 5 + +—— 65% \
* Energy Securlty UCOto HEFA-J{  + <N_GHG78§ " >
. ° itchgrass to FT-J - et redauction
* Lower “criteria pollutants” e —ca] o —
* Improved energy mass density o 2 40 6 60 160 130 430 800
e o ° ° WTW Life Cycle GHG Emissions, gCOe/MJ_
* Minimal infrastructure impact ' -
%

Economic development

SAJF works! Challenges, yes ... but abundant options!

* Multiple feedstocks, conversion technologies, entrepreneurs \

CAAFI



