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World Energy: Production

Total Primary Energy Supply*: 
13,371 Mtoe
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Source: International Energy Agency, 
Key World Energy Statistics 2014
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World Energy: Consumption

Total Energy Consumption: 
8,979 Mtoe
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Total Refinery Production: 
3,905 Mt

World Energy: Refinery Products
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World Energy: Difficulties
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 Global energy consumption is only 66% of the TPES.

 Transportation fuels account for more than 70% of refinery 

output worldwide.

 Gas-to-Liquids (GTL) products are currently grouped 

together with coal liquefaction plants, diminishing their 

true impact. 
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World Energy: Oil Consumption

Total Oil Consumption: 
3,652 Mtoe
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World Energy: Gas Consumption

Total Gas Consumption: 
1,366 Mtoe
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Natural Gas Utilization
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 About 
2

3
of oil products are used for transportation vs less than 

1

10
of Natural Gas.

 Opportunity for GTL products to tap into that large slice. 

 Almost half of the Natural Gas utilization is towards agriculture, 

commercial, residential and public services. Alternative energy 

resources will free that portion for innovative processing. 
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Carbon Footprint
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Cleaner Skies

 In 2009, Qatar Airways makes historic journey with 
1st GTL fueled commercial flight  from London 
Gatwick To Doha.

 In 2013, Qatar Airways makes 1st journey from Doha 
to London utilizing locally produced GTL fuel from 
the Pearl plant.
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Consortium

 A unique collaboration 
between industry and 
academia partners.

 Each partner works on specific 
topics and collaborate towards 
the overall objective.

 The testing is split up as 
follows:

Properties Testing Combustion Testing Performance Review

Technical Guidance

Funding Agencies
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http://www.dlr.de/
http://www.dlr.de/
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Overview of TAMUQ Fuel Characterization Lab

Built a world class research lab to support
the development of the Fuel Technology
Capabilities of Qatar for Gas-to-Liquid
(GTL) processes.
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Hydrocarbon Groups

Group Structure

normal-Paraffins

iso-Paraffins

Naphthenes
(cyclo-Paraffins)

mono-Aromatics

di-Aromatics

Naphthenic-mono-
Aromatics

GTL-Kero

Jet A-1
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Building Blocks

Hydrocarbon Density 
(g/mL)

Freezing Point 
(°C)

Boiling Point 
(°C)

Flash Point 
(°C)

Net Heat

(n-) Octane 703 -57 126 13 ++

(n-) Decane 730 -30 174 46 ++

(n-) Undecane 740 -27 196 62 +

(n-) Hexadecane 773 +17 280 135 +

(Cyclo-) Decalin 896 -40 187 196 57 -

(Ar-) Toluene 870 −95 111 6 -

(Ar-) P-Xylene 861 +13 138 25 -

(Cyclo Ar-) Tetralin 970 -35.8 206 77 --

(Di Ar-) Naphthalene 1140 80.26 218 87 --

Table from Chevron’s Aviation Fuels Technical Review
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ASTM D1655 & D7566
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Property Interlinks

Courtesy of Dr. John Moran from Rolls-Royce
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Hydrocarbon Groups

Species & carbon number distribution in a 
conventional jet fuel (Jet A-1) versus a GTL 
Synthetic Paraffinic Kerosene (SPK) .

*GCxGC data provided by Shell

Jet A-1
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Blending

The Blends were made using 3 pure solvents, 
representing three paraffinic composition classes:

normal-paraffin:  n-decane
iso-paraffin:  Sol-T
cyclo-paraffin:  Decalin

However, initially some blends were made using 
other solvents such as (D60, D70, DSC, SPK). 
Unlike the pure solvents these have a broad 
carbon spread.

Terminology:

Pure Axis Blends: 

All blends made using only pure solvents on ends 
of axis (i.e. n-decane)

Mixed Solvent Blends: 

Certain blends were made with mixed solvents 
(i.e D60)

Solvent
Composition (%)

Carbon Range
Main Carbon 

Numbern-paraffin i-paraffin cyclo-paraffin

SPK 43.4 55.7 0.84 8 - 13 10 (41%)

D-60 23.52 26.74 49.74 10 - 14 11 (55%)

D-70 24.5 27.83 47.68 10 - 16 12 (27%)

DSC 24.88 29.21 45.91 10 – 13 11 (75%)

Broad cut

Narrow cut

23



CHEMICAL ENGINEERING PROGRAM

Experimental

Objectives:

 To develop correlation between the property 
and the hydrocarbon structure

 Blending of SPK with conventional fuels & 
solvents to alter its physical properties

Property Min Max

Density (g/L) 775 840

Flash Point (°C) 38 -

Freezing Point (°C) - -47

Viscosity @ (cSt) - 8

Heat Content (MJ/Kg) 42.8 -

ASTM D1655 Property Limits
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Blend Formulation

• 21 Blends were formulated, chosen compositions were to 
provide a large spread across the ternary diagram:

SPK
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Initial Assessment

SPK

Region of optimal 
properties

Decane Sol-T

Decalin

Property Min Max

Density (g/ml) 0.775 0.84

Flash Point (°C) 38 -

Freezing Point (°C) - -47
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Experimental - Density
g/ml

• Density Results

• Strongly linear results observed

• Density strongly effected by the cyclo-paraffin 
composition

• normal- and iso- paraffins have low densities, 
less than the aviation requirements
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When including blends made with other 
solvents:
• Linear results still observed
• No significant changes to the results
• Indicates that the density is not strongly 

influenced by carbon number

Region of:
D60
D70
DSC

27



CHEMICAL ENGINEERING PROGRAM

   0

  20

  40

  60

  80

 020406080

 0

20

40

60

80

np

cp ip

 0

80

60

20

ip

40

20

40

 0

np
60

  80

  60

cp

80

  40

  20

   0

   0

  20

  40

  60

  80

 020406080

 0

20

40

60

80

np

cp ip

 

 

30

35

40

45

50

55

60

   0

  20

  40

  60

  80

 020406080

 0

20

40

60

80

np

cp ip

 0

80

60

20

ip

40

20

40

 0

np
60

  80

  60

cp

80

  40

  20

   0

   0

  20

  40

  60

  80

 020406080

 0

20

40

60

80

np
cp ip

 

 

30

35

40

45

50

55

60

65

70

75

Experimental - Flash Point

• Flash Point Results

• Relatively linear results observed

• All of points meet the target flash 
point of 38 °C

°C °C

SPKPure  Axis Blends Mixed Solvent Blends

• Carbon number influence of the 
different solvents is notable

• The SPK sample has a lower flash point 
than the pure axis blends
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Experimental - Heat Content

MJ/Kg

• Heat Content Results

• Mainly Linear Results observed

• Along the iso-paraffin axis there 
appears to some non-linearity

• All areas meet the jet fuel limits for heat 
content

SPK

MJ/Kg

• The results remain relatively the same with 
the inclusion of the mixed solvent data

• This indicates that heat content is not 
greatly effected by the carbon number, but 
more so by the structure

Pure  Axis Blends Mixed Solvent Blends
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• The use of other solvents causes significant changes in the 
freezing point

• This indicates that carbon number may have a larger influence on 
the freezing point than previously discussed

Pure  Axis Blends Mixed Solvent Blends
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Results – Freezing Point
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• Freezing Point Results
• Non-linear results observed

• Red areas represent warmer 
freezing points (-30)

• Blue areas represent cooler 
freezing points (-70)

SPK

°C

Pure  Axis Blends

Non-linearity examined
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Crystallization Images

85%v/v normal-
Exhibiting fine & clear rods

85%v/v cyclo-
Exhibiting fine crystals

80%v/v iso-
Exhibiting a hazy mix

SPK (GTL-Kero)
Exhibiting a cottony haze 
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Region of Optimum Properties

Density Freezing point

Flash point Heat content

Overlap
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Artificial Neural Network

• Neural network analysis is used to 
develop a link between input and 
output values.

• In this study the input values are the 3 
compositions, and the output values are 
the properties.

• The network developed was trained 
using the results from experimental 
data.

• The network was able to make strong 
linkages between the inputs and 
outputs for most of the properties.

Neural Network Regression
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Results - Density

Density Results: ANN shows excellent predictability

g/mL

Experimental Results Neural Network Results

g/mL
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Results – Freezing Point

°C

Freezing Results: ANN shows excellent predictability

Experimental Results Neural Network Results

°C
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Visualization

3-D visualization supports two types of analysis:

 Surface or area analysis (2-D analysis of the four surfaces of the 
pyramid)

 Depth or volumetric analysis (3-D analysis or “slices” within the 
pyramid)

Both are unique analysis tools, with the 3-D pyramid being 
crucial in incorporating extra inputs.
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3-D Visualization 
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Summary

 It has been empirically demonstrated that it is possible
to predict key physical properties of a fuel, given its
building blocks.

For the lab scale, replacement or swapping of certain
molecular structures with carbon length is a viable
option in order to boost certain properties or lower the
negative impact of others.

The visualization techniques developed make it easier
to isolate regions of interest for a given blend.
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Future Work  

 The methodology and the programing developed as the
outcome of this contentious research is being extended to
look at different synthetic fuel compositions of different
carbon numbers (Gasoline & Diesel fractions).

 Collaborations with centers of computational expertise (DTU,
TAMU) are yielding good early results in terms of fuel
property predictions.

 TAMUQ FCL is actively engaged in database building and
archiving for various fuel cuts, blending compounds, and
additives.
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Thank you for your attention!

Questions?


