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OutlineOutline

•• BackgroundBackground
•• 11STST Generation Renewable Jet FuelGeneration Renewable Jet Fuel

-- Natural oils and fats to JPNatural oils and fats to JP--88
•• 22ndnd Generation Renewable Jet FuelGeneration Renewable Jet Fuel

-- Lignocellulosic biomass to jetLignocellulosic biomass to jet
-- Algae to jetAlgae to jet

•• SummarySummary
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Inedible Oils: Camelina, JatrophaInedible Oils: Camelina, Jatropha

Fuel Additives / BlendsFuel Additives / Blends FuelsFuels

Where is Biofuels Technology Headed?Where is Biofuels Technology Headed?

JetDieselBiodieselEthanol Gasoline

•• Lignocellulosic Lignocellulosic 
biomass biomass 
to fuelsto fuels

•• Algal oils to fuelsAlgal oils to fuels

Generation 1Generation 1
•• Vegetable oils to Vegetable oils to 

diesel, gasoline diesel, gasoline 
and jet fueland jet fuel

Generation 2Generation 2

UOPUOP’’s Bios Bio--Fuels Technology GoalsFuels Technology Goals
Identify and utilize processing, composition, and infrastructureIdentify and utilize processing, composition, and infrastructure

synergies to lower capital investment, minimize value chain synergies to lower capital investment, minimize value chain 
disruptions, and reduce investment risk.disruptions, and reduce investment risk.
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DARPADARPA--funded Project for funded Project for 
Renewable JPRenewable JP--8 Production8 Production

DARPA, Project W911NFDARPA, Project W911NF--0707--CC--00490049
Dr. Douglas Kirkpatrick Dr. Douglas Kirkpatrick 

Overall Program ObjectiveOverall Program Objective

1.1. Demonstrate a process for conversion of natural Demonstrate a process for conversion of natural 
oils and fats to onoils and fats to on--spec JPspec JP--8 that is technically 8 that is technically 
and economically feasibleand economically feasible

2.  2.  Identify viable technology to increase volume and Identify viable technology to increase volume and 
reduce cost of renewablereduce cost of renewable--oil cropsoil crops

UOP 4934F-04



Composition of Oils and GreasesComposition of Oils and Greases
(10(10--12% Oxygen, Olefins, Trace Sulfur)12% Oxygen, Olefins, Trace Sulfur)

TriglyceridesTriglycerides

Fatty Free AcidsFatty Free Acids MW = 200MW = 200--300300
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•• HydrocrackingHydrocracking

Green Jet Reactions

Cn COOH
Catalyst 

Cn + CO2

Cn COOH + H2 Cn + CO+ H2O
Catalyst 

CO + H2O CO2 + H2

Catalyst
Water Gas ShiftWater Gas Shift

nCn+1 + 2H2OCn COOH
+3H2

Catalyst

nCn+1 + nCn iCn+1 + iCn

H2

Catalyst

UOP 4934H-09

•• Olefin SaturationOlefin Saturation

•• Decarboxylation/DecarbonylationDecarboxylation/Decarbonylation

•• HydrodeoxygenationHydrodeoxygenation

•• HydroisomerizationHydroisomerization

iCn

H2

Catalyst
iCn-y + iCy



Producing JetProducing Jet--range Fuel from range Fuel from 
Deoxygenated Natural Oils and FatsDeoxygenated Natural Oils and Fats

6060 400400 500500 650650 10001000 13001300
Boiling Point, Boiling Point, °°FF

Gasoline Diesel No. 2 Lubricating Oils Asphalt

Jet

300300

Heavy Fuel Oils

1      61      6 88 1010 1515 2020 4343 7171
Number of Carbon Atoms Number of Carbon Atoms 

55 1818 7575 4,0004,000 366,000366,000 >1000 Trillion>1000 Trillion
Number of Paraffin IsomersNumber of Paraffin Isomers

Gases

Crude Oil

Deoxygenated Soybean OilDeoxygenated Soybean Oil

Deoxygenated Coconut OilDeoxygenated Coconut Oil

to JPto JP--88

0066445533111177292919191515Deoxygenated Coconut OilDeoxygenated Coconut Oil
0088881111000000Soybean OilSoybean Oil

005353353577440000000000Deoxygenated Soybean OilDeoxygenated Soybean Oil

00
19+19+

1111
18181717

88
1616

1818
14141313

4949
12121111 151555--1010

1515Coconut OilCoconut Oil

Carbon Chain LengthCarbon Chain Length
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EcofiningEcofiningTMTM

OilOil IsomerizationIsomerization

Production of Jet FuelProduction of Jet Fuel

New BioNew Bio--Oil to JPOil to JP--8 Process Based 8 Process Based 
on Existing UOP Technologyon Existing UOP Technology

DeoxygenationDeoxygenation Green DieselGreen Diesel

OilOil Selective Cracking/Selective Cracking/
IsomerizationIsomerizationDeoxygenationDeoxygenation Green JetGreen Jet

Selective cracking: Process and catalyst Selective cracking: Process and catalyst 
development to maximize economic production of development to maximize economic production of 

higher yields of jethigher yields of jet--range paraffinsrange paraffins

UOP 4934F-06



Lab 
Scale

Preparation

Maximizing Jet Fuel Production: Maximizing Jet Fuel Production: 

Variables screened:Variables screened:
Acid supportsAcid supports
Metal type/concentrationMetal type/concentration
Process VariablesProcess Variables

g scaleg scale 500g scale500g scaleModelModel
feedfeed

DeOx natural DeOx natural 
oil feedoil feed

Pilot plant Pilot plant 
screening: Yield screening: Yield 
confirmations/ confirmations/ 

short term short term 
stabilitystability

Many Many 
catalystscatalysts

66--8 8 
candidatescandidates

Je
t r

an
ge

Je
t r

an
ge

Cracking SeverityCracking Severity

>70 supports>70 supports
>400 final catalysts (with metals)>400 final catalysts (with metals)

Distribution Statement "A" (Approved for Public Release, DistribDistribution Statement "A" (Approved for Public Release, Distribution Unlimited)ution Unlimited)

Deoxygenated Soybean Oil on ASDeoxygenated Soybean Oil on AS--250250
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LightsLights Jet fuelJet fuel DieselDiesel
Poly. (jet fuel)Poly. (jet fuel) Poly. (diesel)Poly. (diesel) Poly. (lights)Poly. (lights)

Identifying Best Catalyst Through Combinatorial ChemistryIdentifying Best Catalyst Through Combinatorial Chemistry

9 months

Combi 
Catalyst 

Preparation

Candidates 
for

Development

Lab Plant Test 
Confirmation

of Combi Results
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Combi 
Testing
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Hydrocarbon Compositions

•• Isoparaffins and Isoparaffins and 
normal paraffins in the normal paraffins in the 
jet boiling rangejet boiling range

•• Exact carbon number Exact carbon number 
distribution varies distribution varies 
between oil sources between oil sources 
but can be controlled but can be controlled 
by processing targetsby processing targets

•• HFO and FT derived HFO and FT derived 
SPKSPK’’s exhibit the same s exhibit the same 
characteristics; both characteristics; both 
SPKSPK’’ss have varied have varied 
hydrocarbon hydrocarbon 
compositionscompositions

Soybean Oil SPK
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Properties of UOP’s Bio-Based SPK
Distribution Statement "A" (Approved for Public Release, Distribution Unlimited)

D 4458.0maxViscosity -20°C, mm 2/s H

1.00.80.50.41.5maxDistillation loss, %

Combustion

Fluidity
766763755751D 1298 or D 4052751 to 840Density at 15 °C, kg/m3
60626450D 56 or D 382838minFlash Point, °C

310.6284.4273.8340maxFinal boiling point, temp
297267.2237.6Report90% recovered, temp

226.6218.6195Report50% recovered, temp
166.8168151.6185max10% recovered, temp

Distillation temp, °C
D 28872. Simulated Distillation

1 Balance of composition is olefins.
1<1<13Tube deposits less than
025<0.1D 324125maxFilter pressure drop, mm Hg

JFTOT (2.5 h at control temp 
of 260°C min)

Thermal Stability
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxVanadium, ppb
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxZinc, ppb
<0.03 ppm0.04 ppm<0.01 ppm<0.01 ppm100maxIron, ppb
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxCopper, ppb

D7111Metal Content
43.843.544.244.4D 4529, D 3338, or D 480942.8minNet heat of combustion, MJ/kg

-36-52-56-63D 5972, D 7153, D 7154, or D 2386-47 Jet A-1maxFreezing Point, °C

1.41.21.31.21.5maxDistillation residue, %
9459435125minT90-T10, °C
286261263243300maxFinal boiling point, temp
280248231223report90% recovered, temp (T90)
226214200192report50% recovered, temp (T50)
186189188172205max10% recovered, temp (T10)

Distillation temp, °C:
D 861. Physical Distillation

0.0008D 1266, D 2622, D 4294, or D 54530.015maxSulfur, total mass %
0000D 63790.053max2. Aromatics, vol %
0000D 13190.05max1. Aromatics, vol %

10099.599.599.3difference from D 1319Paraffin, vol % 1
D24255maxCycloparaffin, vol %
D242599.8minParaffin, vol %

Soybean
Soybean/ 
CanolaCoconutJatropha

CompositionASTM Test MethodSPKProperty

D 4458.0maxViscosity -20°C, mm 2/s H

1.00.80.50.41.5maxDistillation loss, %

Combustion

Fluidity
766763755751D 1298 or D 4052751 to 840Density at 15 °C, kg/m3
60626450D 56 or D 382838minFlash Point, °C

310.6284.4273.8340maxFinal boiling point, temp
297267.2237.6Report90% recovered, temp

226.6218.6195Report50% recovered, temp
166.8168151.6185max10% recovered, temp

Distillation temp, °C
D 28872. Simulated Distillation

1 Balance of composition is olefins.
1<1<13Tube deposits less than
025<0.1D 324125maxFilter pressure drop, mm Hg

JFTOT (2.5 h at control temp 
of 260°C min)

Thermal Stability
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxVanadium, ppb
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxZinc, ppb
<0.03 ppm0.04 ppm<0.01 ppm<0.01 ppm100maxIron, ppb
<0.03 ppm<0.01 ppm<0.01 ppm<0.01 ppm100maxCopper, ppb

D7111Metal Content
43.843.544.244.4D 4529, D 3338, or D 480942.8minNet heat of combustion, MJ/kg

-36-52-56-63D 5972, D 7153, D 7154, or D 2386-47 Jet A-1maxFreezing Point, °C

1.41.21.31.21.5maxDistillation residue, %
9459435125minT90-T10, °C
286261263243300maxFinal boiling point, temp
280248231223report90% recovered, temp (T90)
226214200192report50% recovered, temp (T50)
186189188172205max10% recovered, temp (T10)

Distillation temp, °C:
D 861. Physical Distillation

0.0008D 1266, D 2622, D 4294, or D 54530.015maxSulfur, total mass %
0000D 63790.053max2. Aromatics, vol %
0000D 13190.05max1. Aromatics, vol %

10099.599.599.3difference from D 1319Paraffin, vol % 1
D24255maxCycloparaffin, vol %
D242599.8minParaffin, vol %

Soybean
Soybean/ 
CanolaCoconutJatropha

CompositionASTM Test MethodSPKProperty



Meeting JPMeeting JP--8 Specifications: 8 Specifications: 
Aromatics to Meet Density SpecsAromatics to Meet Density Specs

OilOil Selective Cracking/Selective Cracking/
IsomerizationIsomerizationDeoxygenationDeoxygenation

Green JetGreen Jet--
range range 

ParaffinsParaffins

Renewable Renewable 
JPJP--88

Aromatics
(<25%)

AromaticsAromatics
(<25%)(<25%)

Sources of AromaticsSources of Aromatics
•• Refinery sourcesRefinery sources

-- Aromatics complexesAromatics complexes
-- PlatformingPlatforming

•• Renewable sourcesRenewable sources
-- Deoxygenated pyrolysis oilDeoxygenated pyrolysis oil

UOP 4934F-10



Properties of UOP’s Bio-Based JP-8

Distribution Statement "A" (Approved for Public Release, Distribution Unlimited)

43.243.243.743.243.243.5D 4529, D 3338, or 
D 480942.8minNet heat of combustion, MJ/kg

Combustion

-51-55-59-62-50-69−47 Jet A-1

D 5972, D 7153, 
D 7154, or D 2386 −40 Jet AmaxFreezing point, °C

Fluidity

804783781780779778D 1298 or D 4052775 to 840Density at 15°C, kg/m3
514856565448D 56 or D 382838minFlash point, °C

287.6308292.2302.3273.2340maxFinal boiling point, temp
266.4284.6238286231.2report90% recovered, temp
195.2210.8190.8200.8180.6report50% recovered, temp
158.8166.2162162.4156.2185max10% recovered, temp

Distillation temperature, °C

D 28872. Simulated Distillation
0.80.60.60.70.80.41.5maxDistillation loss, %
1.31.41.41.41.41.11.5maxDistillation residue, %
62747449925140minT90-T10, °C
26222811231415minT50-T10, °C
265267282262279241300maxFinal boiling point, temp
244248262226268219report90% recovered, temp (T90)
208196216188199182report50% recovered, temp (T50)
182174188177176168205max10% recovered, temp (T10)

Distillation temp, °C:
D 861. Physical Distillation

Volatility
3.2D 63798.4min

19.620.521.214.9D 637926.5max2. Aromatics, vol %
D 13198min

18.822.222.215.124.3D 131925max1. Aromatics, vol %
D 32420.1maxAcidity, total mg KOH/g

Petroleum 
JP-8Canola

Soybean/
Py OilCoconutSoybeanJatropha

Composition of JP-8 Fuel
ASTM Test 

Method
Jet A or 
Jet A-1Property

43.243.243.743.243.243.5D 4529, D 3338, or 
D 480942.8minNet heat of combustion, MJ/kg

Combustion

-51-55-59-62-50-69−47 Jet A-1

D 5972, D 7153, 
D 7154, or D 2386 −40 Jet AmaxFreezing point, °C

Fluidity

804783781780779778D 1298 or D 4052775 to 840Density at 15°C, kg/m3
514856565448D 56 or D 382838minFlash point, °C

287.6308292.2302.3273.2340maxFinal boiling point, temp
266.4284.6238286231.2report90% recovered, temp
195.2210.8190.8200.8180.6report50% recovered, temp
158.8166.2162162.4156.2185max10% recovered, temp

Distillation temperature, °C

D 28872. Simulated Distillation
0.80.60.60.70.80.41.5maxDistillation loss, %
1.31.41.41.41.41.11.5maxDistillation residue, %
62747449925140minT90-T10, °C
26222811231415minT50-T10, °C
265267282262279241300maxFinal boiling point, temp
244248262226268219report90% recovered, temp (T90)
208196216188199182report50% recovered, temp (T50)
182174188177176168205max10% recovered, temp (T10)

Distillation temp, °C:
D 861. Physical Distillation

Volatility
3.2D 63798.4min

19.620.521.214.9D 637926.5max2. Aromatics, vol %
D 13198min

18.822.222.215.124.3D 131925max1. Aromatics, vol %
D 32420.1maxAcidity, total mg KOH/g

Petroleum 
JP-8Canola

Soybean/
Py OilCoconutSoybeanJatropha

Composition of JP-8 Fuel
ASTM Test 

Method
Jet A or 
Jet A-1Property



Inedible Oils: Camelina, JatrophaInedible Oils: Camelina, Jatropha

Fuel Additives / BlendsFuel Additives / Blends FuelsFuels

Where is Biofuels Technology Headed?Where is Biofuels Technology Headed?

JetDiesel

UOPUOP’’s Bios Bio--Fuels Technology GoalsFuels Technology Goals
Identify and utilize processing, composition, and infrastructureIdentify and utilize processing, composition, and infrastructure

synergies to lower capital investment, minimize value chain synergies to lower capital investment, minimize value chain 
disruptions, and reduce investment risk.disruptions, and reduce investment risk.

BiodieselEthanol

•• Lignocellulosic Lignocellulosic 
biomass biomass 
to fuelsto fuels

•• Algal oils to fuelsAlgal oils to fuels

Generation 1Generation 1
•• Vegetable oils to Vegetable oils to 

diesel, gasoline diesel, gasoline 
and jet fueland jet fuel

Generation 2Generation 2

Gasoline

UOP 4934F-11



Lignocellulosic Biomass Lignocellulosic Biomass 
to Fuels Via Pyrolysisto Fuels Via Pyrolysis

StabilizationStabilizationPyrolysisPyrolysisBiomassBiomass

Mixed WoodsMixed Woods

Corn StoverCorn Stover

DeoxygenateDeoxygenate

Gasoline
Diesel
Jet
Chemicals

Other Other 
Refinery Refinery 

ProcessesProcesses

BiocrudeBiocrude

Re
fin

er
y

P P

P P

P P

Collaboration with DOE, NREL, PNNLCollaboration with DOE, NREL, PNNL UOP 4934F-12



Typical Fast Pyrolysis ProcessTypical Fast Pyrolysis Process
BiomassBiomass

CharChar

Heat for DryingHeat for Drying

Heat for Heat for 
PyrolysisPyrolysis

GasGas

Gas RecycleGas RecycleFluidizingFluidizing
GasGas

PyrolysisPyrolysis
OilOil

From From ““Fast Pyrolysis of Biomass: A Handbook.Fast Pyrolysis of Biomass: A Handbook.”” A.V. Bridgwater et al.A.V. Bridgwater et al.

HH22O= 10O= 10--40%40%

HH22O= 5%O= 5%

H2O= 15-40%

Reactor

C
ycloneGrindGrind

DryDry Cool
and 

Collect

UOP 4934F-13



Hydrocarbon product rich in cyclic hydrocarbons:Hydrocarbon product rich in cyclic hydrocarbons:
product can produce gasoline, jet fuel, diesel, product can produce gasoline, jet fuel, diesel, 

and chemicalsand chemicals

Deoxygenated Product PropertiesDeoxygenated Product Properties

BiofuelBiofuel
(from mixed wood)(from mixed wood)

MaxMaxMinMin

ConventionalConventional
(from petroleum)(from petroleum)

NilNil

35 max35 max
Limited by emissionsLimited by emissions

1010--8080

NilNil

1010--6060
Limited by cold flowLimited by cold flow

ULS Diesel ULS Diesel 
TypicalTypical

25251717IsoIso--Paraffin, wt%Paraffin, wt%
4444

101055Paraffin, wt%Paraffin, wt%

NilNil0.80.80.10.1Oxygenate, wt%Oxygenate, wt%

383835351010Aromatic, wt%Aromatic, wt%

7755554040Naphthene, wt%Naphthene, wt%

440.90.90.60.6Olefin, wt%Olefin, wt%

Gasoline Gasoline 
TypicalTypical

UOP 4934F-14



Deoxygenated Pyrolysis Oil to Jet FuelDeoxygenated Pyrolysis Oil to Jet Fuel

Boiling Point DistributionBoiling Point Distribution

UOP 4934F-15
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Mixed Wood Derived (Mixed Wood Derived (CondCond. 2). 2)
Corn Stover Derived (Corn Stover Derived (CondCond. 1). 1)
Corn Stover Derived (Corn Stover Derived (CondCond. 2). 2)

Range of jet range hydrocarbons: 45 Range of jet range hydrocarbons: 45 –– 65% depending 65% depending 
on feed source and process conditions on feed source and process conditions 



Renewable AromaticsRenewable Aromatics

100% Bio100% Bio--derived JPderived JP--8 product is possible8 product is possible

Distribution Statement "A" (Approved for Public Release, DistribDistribution Statement "A" (Approved for Public Release, Distribution Unlimited)ution Unlimited)

0.775
39
-47

JP-8 
Spec

0.759
53
-53

Starting 
Paraffin

-54 -56Freeze Point (Freeze Point (ooCC))
5449Flash Point (Flash Point (ooCC))

0.7820.790Density (g/mL)Density (g/mL)

Deoxygenated 
Pyrolysis Oil 
(Mixed wood 

derived)

Deoxygenated 
Pyrolysis Oil 
(Corn Stover 

derived)
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22ndnd Generation Renewable Jet Fuel Generation Renewable Jet Fuel 
from Oils and Biomassfrom Oils and Biomass

Green 
Jet-range 
Paraffins

Green Green 
JetJet--range range 
ParaffinsParaffins

Selective 
Cracking/

Isomerization

Selective Selective 
Cracking/Cracking/

IsomerizationIsomerization

Natural 
Oils and 

Fats

Natural Natural 
Oils and Oils and 

FatsFats
DeoxygenationDeoxygenationDeoxygenation

Renewable Renewable 
Jet FuelJet Fuel

Biomass contribution Biomass contribution 
can be >50%can be >50%

Solid 
Biomass

Solid Solid 
BiomassBiomass

Catalytic 
Stabilization/

Deoxygenation

Catalytic Catalytic 
Stabilization/Stabilization/

DeoxygenationDeoxygenation
PyrolysisPyrolysisPyrolysis

Jet Range 
Cyclic 

Hydrocarbons

Jet Range Jet Range 
Cyclic Cyclic 

HydrocarbonsHydrocarbons
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2nd Generation Renewable Jet Fuel 2nd Generation Renewable Jet Fuel 
from Algaefrom Algae

Source: 
Q. Hu, 

•• High cellular oil content (~50% of dry weight) High cellular oil content (~50% of dry weight) 
•• High photosynthetic efficiency (10~20%)High photosynthetic efficiency (10~20%)
•• Excellent COExcellent CO22 capture and sequestration capabilitycapture and sequestration capability
•• Water requirement: less than 1/40 of land plants and Water requirement: less than 1/40 of land plants and 
thrive in saline/brackish/waste waterthrive in saline/brackish/waste water

•• Land requirement: desert Land requirement: desert 
and arid landsand arid lands

UOP 4934F-18



Integrated Algal Processing for Integrated Algal Processing for 
Jet Fuel ProductionJet Fuel Production

CO2

Green Jet (paraffinGreen Jet (paraffin--rich)rich)
Other Products: Green Other Products: Green 
diesel and chemicalsdiesel and chemicals

Oil

Green Jet (rich in cyclic Green Jet (rich in cyclic 
hydrocarbons)hydrocarbons)
Other products: Green Other products: Green 
gasoline; diesel; chemicalsgasoline; diesel; chemicals

Biomass

2nd Generation 
On-spec 

Renewable Jet 
Fuel

22ndnd Generation Generation 
OnOn--spec spec 

Renewable Jet Renewable Jet 
FuelFuel

UOP 4934F-19



SummarySummary

•• 11stst generation renewable jet fuel process in development: generation renewable jet fuel process in development: 
Natural oils and fats to jet fuelNatural oils and fats to jet fuel
-- Samples produced from multiple feedstocks meet Samples produced from multiple feedstocks meet 

JPJP--8 specifications8 specifications
-- Process and catalyst development in progressProcess and catalyst development in progress

•• 22ndnd generation renewable jet fuel: Biomass and algae generation renewable jet fuel: Biomass and algae 
to jet fuelto jet fuel
-- Proof of principle work completed in NRELProof of principle work completed in NREL--PNNLPNNL--UOP CRADA: UOP CRADA: 

Biomass to jet fuel via pyrolysis oil hydrodeoxygenationBiomass to jet fuel via pyrolysis oil hydrodeoxygenation
-- Algae offers great potential to produce Algae offers great potential to produce 

large quantities of oils and biomass large quantities of oils and biomass 
for sustainable jet fuel productionfor sustainable jet fuel production

•• Technologies discussed also Technologies discussed also 
produce many other valuable produce many other valuable 
fuels and chemicalsfuels and chemicals

UOP 4934F-20
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