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Sheikh Hamad bin Khalifa Al-Thani.

 Chaired by Her Highness Sheikha Mozah
bint Nasser Al-Missnad.

An independent, chartered, nonprofit organization
committed to the development of Qatar and its people.
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Texas A&M Qatar built on A&M

University Heritage 
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Texas A&M Qatar
550 Students in four majors CHEN, 

PETE, ELECT, MEEN since 2003
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Qatar’s role in the energy market 

World’s Primary Energy Supply

Source: International Energy Agency 
www.iea.org

Natural 
gas
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Physical 

1/600 volume

Pipeline

LNG

GTL

Qatar’s aspiration to become the “World Gas Capital” led to the building the 

largest GTL and LNG plants in the world.   

Natural gas monetization in Qatar
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QAPCO- QP & TOTAL QatarGas Project

ExxonMobil Support LNG FacilitiesShell Pearl GTL Plant
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Research Funding 

More than 
200m US$
in 2014

110
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World natural gas production
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TEES Gas and Fuels 

Research Center 

Nimir Elbashir (Director)

Mahmoud El-Halwagi (Managing Director)  

Ioannis Economou (Co-Director)



Shale Gas Potential

What is Texas A&M’s 

expected role in the 

shale oil and gas 

revolution?
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World’s primary energy supply

Role of Natural Gas in the Energy Market

http://www.gfrc.tamu.edu

http://www.gfrc.tamu.edu/
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Physical 

1/600 

volume

Pipeline

LN

G

GTL

Qatar’s aspiration to become the “World Gas Capital” led to 

the building the largest GTL and LNG plants in the world.   

Qatar is the “World Gas Capital” 
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Shale Gas Potential for Gulf 

of Mexico Region and U.S.

Expected growth in U.S. chemical/other industry by 2030  $110 billion
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It’s time to bring together Texas 

A&M’s expertise to advance 

shale/natural gas exploration, 

production, treatment and 

processing.



NSF-sponsored 

workshop



Production

Treatment Monetization

LNG

GTL

Processing

Design and evaluation of 

hydraulic fracture treatments

Performance of advanced and 

stimulated wells

Systematic modeling of heat 

transfer in wellbores

Hydraulic fracture mechanics 

Wellbore integrity analysis

Reservoir simulation and 

modeling

Computational design of materials and processes

Gas separations using porous 

materials

Shale-gas fluid behavior modeling

Process integration, synthesis, 

simulation, design, operation, and 

optimization, techno-economic 

analysis, sustainable process design, 

and molecular/product design

Safety

Catalysis, reaction 

engineering, reactor deign

Control 

Fuels and chemicals 

formulation, processing, 

characterization

Thermodynamics and phase 

behavior (experimental and 

modeling)

Gas properties
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Professor Dragomir

Bukur

Catalysis and Reaction 

Engineering

Chemical Engineering

Professor Nimir Elbashir

Director

Reaction Engineering and 

Reactor Design

Chemical Engineering

Professor Ioannis Economou

Co-director

Molecular Thermodynamics

Chemical Engineering

Professor Marcelo Castier

Thermodynamics and 

Phase Behavior

Chemical Engineering

Professor Ken Hall

Hydrocarbon 

Processing

Chemical Engineering

Professor Luc Vechot

LNG Safety

Chemical Engineering

Texas A&M at Qatar Faculty Affiliates

Professor Reza Tafreshi

Engine Testing and 

Emissions

Mechanical Engineering

Professor Reza Sadr

Thermofluids and 

Combustion

Mechanical Engineering

Professor Mert Atilhan

Natural Gas Properties

Chemical Engineering
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Professor Mahmoud El-Halwagi

Managing Director

Process Integration and  

Optimization

Chemical Engineering

Professor Sam Mannan

Safety

Chemical Engineering

Professor Perla

Balbuena

Computational Material 

Design

Chemical Engineering

Professor Nazmul

Karim

Control

Chemical Engineering

Professor A. Rashid Hasan

Gas Production

Petroleum Engineering

Professor Peter Valkò
Design of Hydraulic Fracture 

Systems

Petroleum Engineering

Professor Benjamin Wilhite

Reaction Kinetics and 

Simulations

Chemical Engineering

Professor Maria Barrufet

Reservoir Simulation and 

Modeling

Petroleum Engineering

Texas A&M University Faculty Affiliates

Professor Andrea Strezlec

Combustion, Kinetics 

and Engines

Mechanical Engineering

Professor Mark Holtzapple

LNG, Fuels and  

Thermodynamics

Chemical Engineering

Professor Faruque

Hasan

Computational Energy 

Analysis

Chemical Engineering

Professor Jorge Alvardo

Fuels Combustion

Mechanical Engineering

Professor Jim Holste

Thermodynamics 

Chemical Engineering
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GFRC Capabilities and Resources

TEES Mary O’Connor Process 

Safety Center

Fuel Characterization Lab 

(Qatar)

Applied catalysis and reaction 

engineering (College Station and Qatar)

Process 

integration and 

optimization

Material synthesis 

and simulations

Naturally 

Fractured/Integrated 

Reservoir Studies Laboratory

Molecular 

Thermodynamics and 

Simulation Group (Qatar)

Qatar College Station

Engine testing and fuels 

combustion behavior 



GFRC Impact

Continuing educationTraining future generation 

of highly skilled engineers

Global impact
Support Qatar and Texas 

economies

Collaboration with 

academia/research institutions 

Collaboration with industry 

and funding agencies

Institutional collaboration
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Current Successful 

Internal Collaborations 

and the Potentials 

5,000,000
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Major Industry Collaborations in 

Qatar & USA

Platinum

Synthetic Fuels & Lubricants, Engine 

Tests; Trainings  
Synthetic Fuels Reactor, Synthetic Fuels, Lubricants

Catalysts

Gas production 

Fuels & Lubricants Gas Processing Technologies

Gas Production and 

Process Optimization

Fuel blends, engine & emissions 

http://www.sasol.com/
http://www.sasol.com/
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LNG vs. GTL, which option is better?

From Mike Nel (Sasol) Presentation at the XTL World Summit in 
London – June 2011.  
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Is LNG or pipeline transportation is best 

option for natural gas?

 Major producers and users are 

located at great distances from each 

other.

 Fuels must be transported great 

distances.

 Due to transportation concerns, 

liquid fuels are favored.

[BP Statistical Review of world energy 2010]
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Synthetic fuels have bright future!

Obtained from SHELL Global Solutions, 2007.  Cherillo, et al. 
“Verification of Shell GTL Fuel as CARB Alternative Diesel” 
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Extremely low (0-5-ppm) sulfur, aromatics, and toxics

GTL fuels environmentally attractive 
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Syngas

H2 /CO

• Flexibility in feedstocks
• Large product distributions
• Ultra clean fuels (high cetane number and low sulfur content diesel + low 

octane gasoline) & value added chemicals

Fischer-Tropsch

Lights HC 
(Feedstock)

Liquid Fuels

HC Wax
Lubricants

Gas-to-Liquid Technology: Alternative 

energy supply & source of value-added 

chemicals 

Natural

Gas

Coal

Biomass

Synthesis Gas

Production

31
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α-olefins+ Gasoline + Jet Fuel+ Diesel +wax

CnH2n and CnH2n+2  + CO2, H2O, oxygenates

COH2

H H C O

Catalyst Surface: Cobalt, Iron, Ruthenium, etc

O
H

H

Fischer-Tropsch chemistry facilitates 

the conversion of syngas into liquids

32
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GTL technology in Qatar
24,000 bpd diesel

+ 9,000 bpd naphtha

+1,000 bpd LPG 

145,000 bpd

1 million tons of 

kerosene/ year

+ base oil

33
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• 60 m tall
• Could hold the water from the 3 Olympic swimming pool
• Weights 2,100 tones

28
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Shell Multi-tubular Fixed-Bed Reactors

360
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Desired Characteristics Packed bed reactor

(gas phase)

Slurry phase reactor 

(liquid phase)

Operational Consideration

High Catalyst hold-up

High reactor productivity

Easy catalyst separation

Easy catalyst regeneration

High mass transfer rates

High heat transfer rate

Wide product spectrum

Advantage Disadvantage

Comparison between FTS reactors

The ideal FTS reactor should combine the advantages of the two major reactor 
technologies; fixed-bed reactors of high reactant diffusivity and reaction rates coupled 
with steady performance to that of the slurry reactor of well-mixed phase and 
excellent temperature distribution inside the reactor bed coupled with higher overall 
productivity. 

One more feature is the capability of controlling the hydrocarbon product 
distribution.

37
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Region 1: Exothermic reaction 

occurring in single phase – focus on 

hot spot prevention

Region 2: Wax formation – tailor pore 
structure to facilitate wax extraction from 
catalyst

Region 3: Trickle bed regime – tailor pore 
structure and surface wettability to 
maximize secondary reactions

38Courtesy of Dr. Ben Wilhite Texas &M University
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CO
H2

Two phase regime 
(gas-solid)

Three phase regime 
(gas-wax-solid)

CO
H2, H2O, 
Hydrocarbon products  (gases and liquid)

Syngas

Wax

Ref: L.Caldwell, D.S.van Vuuren. Chemical Engineering Science 41(1) (1986) 89-96

Gas-Phase FTS in fixed bed reactor
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Fixed Bed Reactor

 Liquid-like density and    
heat capacity

Gas-like diffusivity and 
transport properties

Solvent
Propane

Pentane

Hexane

Syngas

P

T

SC

L

V

Introduction of supercritical

hydrocarbon solvent in FTS

Elbashir, Bukur, Durham, Roberts. 2010  AIChE J. 56 (3) 997.
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240
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210
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ty

Pressure (bar)

P-T density relationship 0.4-0.6

0.2-0.4

0-0.2Vapour

Liquid

Gas/liquid
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Solvent (e.g. hexanes, CO, H2)

Hexanes, CO, H2, water, 

hydrocarbon products

Two-Phase 
regime

Wax

Ref: Biquiza, Claeya, van Steen. Fuel Proc. Tech.  91 (2010) 1250-1255.

Solvent + 
reactants

Supercritical Phase FTS
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Start with the control of the polymerization nature of FTS reactions

Improve product yields and purity

Simplify separation processes

Minimize production cost

Why is the selective control of Fischer-

Tropsch products important?

42
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What it takes to design a novel reactor 

technology?

Elbashir, Eljack. 2010 in Advances in Gas Processing: Elsevier  ©, vol. 2; 369. 
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Process Design: 
Energy Integration 

& Optimization

The design phases of a 

novel reactor

Advisory 

BoardElbashir, Eljack. 2010 in Advances in Gas 

Processing: Elsevier  ©, vol. 2; 369. 
44

Process Control

Reactor Design & 
Experimental 

Campaign 

Products Processing 

Phase Behavior & 
Thermodynamics

Kinetics & Product 
Distribution

In situ Reactor 
Behavior

http://www.tamu.edu/
http://www.tamu.edu/
http://www.sasol.com/
http://www.sasol.com/
http://www.qatargas.com/Default.aspx
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Microscale studies: 
Simulation & Experimental

45

Kinetics, Chain growth Hot Spots

Phase Behavior

Diffusion Limitations

Bao, El-Halwagi, Elbashir 2010. Fuel Processing Technology 91(7) 703-713.
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Macroscale studies 

Energy Optimization

Solvent 
Selection

Reactor 
Configuration

P&ID

Solvent 
Recovery

Process 
Control

Synthetic Fuels Formulation 
& Characterization 
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Building blocks

47

Intraparticle
transport 

phenomena

Reactor bed 
modeling

Mechanistic 
modelling

Thermo

dynamics

Experimental 
validation
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Catalyst bed behavior in SCF-FTS

48

Mogalicherla , Elmalik&  Elbashir (2012) Chem. Eng. Prog.: Proc. Intes. 62, 59-68.
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Modeling catalyst particle effectiveness 

Bulk flow

Active site

diffusion

Pore media

Boundary
layer

Bulk flowCatalyst particle

49
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Modeling catalyst particle effectiveness 

Bulk flow

Active site

diffusion

Pore media

Boundary
layer

𝑫𝑪𝑶
𝒆

𝒓𝟐
𝒅

𝒅𝒓
𝒓𝟐
𝒅𝒇𝑪𝑶
𝒅𝒓

= 𝑹𝑻 −𝒓𝑪𝑶 𝝆𝒄𝒂𝒕.

𝝀𝒆

𝒓𝟐
𝒅

𝒅𝒓
𝒓𝟐
𝒅𝑻

𝒅𝒓
= −𝒓𝑪𝑶 𝝆𝒄𝒂𝒕. 𝜟𝑯 𝒓

BC. 1: 𝑟 = 𝑅𝑐𝑎𝑡 →
𝑑𝑓𝑐𝑜
𝑑𝑟 ⃒𝑟 = 𝑅𝑐𝑎𝑡 = 𝑘𝑚 𝑓𝑐𝑜𝑏𝑢𝑙𝑘 − 𝑓𝑐𝑜𝑠𝑢𝑟𝑓𝑎𝑐𝑒

BC 2.: 𝑟 = 0 →
𝑑𝑓𝑐𝑜

𝑑𝑟
= 0

BC. 1: 𝑟 = 𝑅𝑐𝑎𝑡 →
𝑑𝑓𝑐𝑜
𝑑𝑟 ⃒𝑟 = 𝑅𝑐𝑎𝑡 = 𝑓𝑐𝑜𝑏𝑢𝑙𝑘

BC 2.: 𝑟 = 0 →
𝑑𝑓𝑐𝑜

𝑑𝑟
= 0

Mass transfer

Heat transfer

50

Hussain et al. (2013)  in Weichold, Hall, and Masad “‘Development of gas-

to-liquid technologies from macro- to micro-scale’ Chapter 3, pg. 25.
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Intraparticle diffusion and simultaneous 

heat and mass transfer assessment
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Experimental verification of the 

modeling results 
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The link between micro scale and 

macro scale calculations is essential

• Local activity dependent on 

local conditions

• The sum of all local 

interactions lead to “bulk” 

activity

• Use 1-D Model

• Local regimes can be 

identified and taken into 

account:

• Trickle bed behavior

• Boundary layers

• Turbulent v laminar 

flow

• Diffusion v convection

Active site

diffusion

Bulk flow
interlinked

Bed conductivity 
needs to be 
measured

Liquid hold-up 

Diffusion coefficients

Velocity profiles
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Liquid & gas velocity profile 3D visualization
Gladden et al. 2009. JMR 196, 142.

NMR Relaxometry

Gladden, et al. 2009. J Phys. 
Chem. C 113, 6610.

MRI studies
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Adsorption/Desorption

Velocity Profile and Phase 

Distribution

Hydrodynamics
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Building blocks
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Intraparticle
transport 

phenomena

Reactor bed 
modeling

Mechanistic 
modelling

Thermo

dynamics

Macro-scale
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AUTOTHERMAL REACTOR
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Bao, El-Halwagi, Elbashir 2010. Fuel Processing Technology 91(7) 703.
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Simulation: GTL plant with SCF-FTS
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Examining the most applicable solvent 

for commercial SCF-FTS

Elmalik, Tora, El-Halwagi, Elbashir 2011  Fuel Proc. Techn., 92; 1525.

Simulation Experimental
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n-Hexane 955 - 985

Light Naphtha 720 - 775

Naphtha 690 - 761

Solvent Naphtha 875 - 885

Gasoline 722 - 745
Hamad, El-Halwagi, Elbashir, Manann (2012) J. Loss 
Prevention in the Process Industries, online. Elmalik, Tora, El-Halwagi, Elbashir (2011)  Fuel Proc. Techn., 92; 1525.

Examining the most applicable solvent

for commercial SCF-FTS
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Design of optimized sequence for 

solvent separation & recycle

Flash 
column 1

Flash 
column 2

Flash 
column 3

Radfrac
Distillation 1

Radfrac 
Distillation 2

Radfrac 
Distillation 3

Flash 
column 4

Condenser

FT 
products

Heavy 
products

Permenant 
Gas 1

Permenant 
Gas 2

Solvent 1

Solvent 2

Water

FT reactor

Fresh feed 
(syngas, 
solvent)

recycle

mixer Condenser

Flash 
column 1

Flash 
column 2

Flash 
column 3

Radfrac
Distillation 1

Radfrac 
Distillation 2

Radfrac 
Distillation 3

Flash 
column 4

Condenser

FT 
products

Heavy 
products

Permenant 
Gas 1

Permenant 
Gas 2

Solvent 1

Solvent 2

Water

FT reactor

Fresh feed 
(syngas, 
solvent)

recycle

mixer

Replace RadFrac column with flash column
Add a condenser after the flash column

Lowest Energy and Higher 
Efficiency
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Invention Disclosure 

61

This is a schematic but not representing the actual art since it 
is still under processing.
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Cleaner skies

Qatar Airways makes historic journey with 
first GTL fueled commercial flight  from 
London Gatwick to Doha

New Gas-to-Liquids fuel offers diversity of 
supply and better local air quality at busy 
airports

62



CHEMICAL ENGINEERING PROGRAM

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

Technical Guidance

Funding Agencies
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Performance Review

http://www.dlr.de/
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Jet Fuels Hydrocarbon Stucture

Species & Carbon Number distribution in a 
conventional jet fuel (Jet A-1) versus a synthetic 
GTL kerosene (SPK).

*GCxGC data provided by Shell
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Overview of TAMUQ Fuel Characterization Lab

 State-of-the-art experimental facilities
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OryxGTL Green Diesel Fuels 

Campaign!
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GE (Oil & Gas) Future Blends of 

Synthetic Fuels
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Summary

 The first phase of the micro & macro scale design successfully 
completed and resulted in an advanced SCF-FTS lab scale reactor.

 The second phase is focused on experimental verification and the  
Visualization of the in situ behavior of the reactor bed.

 Energy optimization and process integration efforts continued to identify 
scale up challenges.

 Design of synthetic fuels and chemicals obtained from natural gas is a 
major focus of our research activities. 



 This research work is part of Texas A&M building center of excellence in 
Catalysis, Reactor Design and  Advancement of GTL Technologies. 
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Results & Discussion : 

Conventional Gas Phase at 20 bar
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Comparison SCF-FTS & Gas Phase FTS
Product Distribution & Conversion
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Enhanced α-olefin incorporation in the chain 
growth process
Dynamic adsorption/desorption equilibrium 

1 Heat of adsorption

2 Pressure & residence time 

3 Reaction media and phases

4 Feed ratio, catalyst type, temp., etc.
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Modified Reaction Pathway and Chain Growth Model for  
SCF-FTS 
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(4) Kinetics of the SCF-FTS



CHEMICAL ENGINEERING PROGRAM

Enhanced incorporation of α-olefins in SCH 
Phase
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Energy Integration

& Overall Techno-economic Assessment
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Techno-economic Assessment of the 

Optimized Sequence 
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Comparison between the three reactors
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with condenser with no con replace radfrac flash sequence heavy column

Category Item unit unit Pricesnote Amount/yr total MM$/yr

Chemicals

4760BTU/LB syngas $/GJ 13 59,847,124        778.01            56,220,266            731                   56,220,266         731               56,220,265              731              56,220,266         731             

Catalyst fixed bed 4 1                     1                       -                        1                   1                  1                 

hexane $/gal 1.15 89,790,385,440 103,258.94     89,790,385,440     103,258.94       89,790,385,440 103,259      89,790,385,440       103,259       89,790,385,440  103,259      

-                  -                   -                        -               -              -              

-                  -                   -                        -               -              -              

-                        -               

-                        -               

annual operating O&M labor%FCI/yr 4 54                   54                     -                        56            52                52               

operating labor 131                 131                   -                        131          131              131             

supervision, plant overheads, laboratory%labor 90 118                 118                   -                        118          118              118             

capital charge, insurance, local taxes, royalties%FCI/yr 15 203                 202                   -                        210          196              194             

Energy utility

1,715              1,715                -                        1,880           1,530           1,592          

after heat integration 1,064              1,064                -                        1,110           1,047           945             

-                        -               

-                        -               

-                        -               

-                        -               

-                        -               

-                        -               

Porducts sale sale 3,619              sale 3,619                sale 3,619       sale 3,621           sale 3,611          

diesel $/bbl 82 43,800,000        3,592              43,800,000            3,592                43,800,000         3,592           43,827,060              3,594           43,709,310         3,584          

gasoline $/bbl 63 -                  -                   -                        -               -              -              

H2 $/kg 2 -                     -                  -                         -                   -                        -               -                           -              -                      -              

H2O $/1000gal 1.2 1,044,119          1                     1,026,183              1                       1,026,183            1                   1,026,183                1                  1,044,119           1                 

tailgas $/bbl 50 517,570             26                   525,562                 26                     525,562               26                 525,563                   26                517,570              26               

hexane $/gal 1.15 89,774,303,982 103,240          89,699,200,892     103,154            89,699,200,892 103,154      89,698,503,869       103,153       89,774,303,982  103,240      

-                        -               

Total operating cost 3,017              3,056                -                        3,231       2,863           2,836          

-                        -               

annual after cash profit 466                 437                   -                        307          583              596             

ROI 0.29                0.28                  -                        0.19         0.38             0.39            

after heat integration operating cost 2,366              2,405                2,461       2,381           2,189          

annual after cash profit 954.68                  925.71                    884.56         945.18             1,080.92        

ROI 0.60                0.58                  0.54         0.62             0.71            


