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Abstract. GTL (Gas-to-liquid) process is becoming an attractive technology which can produce liquid petroleum
products using natural gas. As a part of preliminary design of GTL-FPSO application, process simulation analysis for
conceptual design and optimization of reformers and F-T reactors are performed in GTL-FPSO applications by
implementing the user made subroutine programs of kinetic equations into PRO/II PROVISION simulator. As for the
F-T reactors, Plug Flow Reactor (PFR) model is used with detailed kinetics equations over two different Fe based
catalysts (Fe-Cu-K and K/Fe-Cu-Al). Dry reformer is also studied with Plug Flow Reactor (PFR) model. In this study,
simulation results are compared with available experimental data and found well agreed with experimental data for
both reformer and FT reactor. The Peng-Robinson equation of state is also used to calculate the vapor phase nonidealities and vapor-liquid equilibrium. The optimum operating conditions and process simulation analysis are also
presented.

1 Introduction
Due to the era of high oil prices recently, the importance
of synthetic oil manufacturing technology using natural
gas is emerging gradually and the necessity of an
environment-friendly fuel leads to the development of
BTL (Biomass-to-liquid), CTL (Coal-to-liquid), and GTL
(gas-to-liquid) processes. Among many processes for
producing synthetic fuel, GTL process for producing
synthetic fuel from natural gas has received much
attention for eco-friendly fuel which contains less sulfur
and aromatic components [1]-[3]. Since the most of gas
fields in the world are small and medium-sized, GTLFPSO (Floating Production Storage and Offloading)
process can be applied for these fields.
Fischer-Tropsch process was developed in 1920s by
Franz Fischer and Hans Tropsch and it plays an important
role in conversion of synthesis gases in chemical
industries [4]-[6].
The application of GTL-FPSO processes has 4 major
steps. First step is the production of synthesis gas (syngas)
which consists of carbon monoxide and hydrogen gases
by reforming reaction [4]-[7]. Second step is the removal
process of carbon dioxide and impurities such as water,
nitrogen oxides, and hydrocarbons. Carbon dioxide and
other impurities should be removed before F-T reactor,
which can cause the low efficiency of F-T reactor. This is
because the most of stranded gas fields contain lots of
carbon dioxide.
In this work, the conceptual design and optimization
of reformer and F-T reactors are focused in GTL-FPSO
applications using commercial process simulator (PRO/II

with PROVISION release 9.1). In reforming process,
natural gas is used as a raw material to produce hydrogen
and carbon monoxide which results in H2/CO mole ratio
of 2. This ratio is known as an optimum condition for F-T
synthetic process to produce synthetic fuel [8, 9].

2 Process description
In dry reforming, there is no water gas shift (WGS)
reaction. Only methane and CO2 are reacted to produce
H2 and CO as a feed to the F-T process [10]. This
reaction can be written in Eq. (1).

As shown in Table 1, operating temperatures and
pressures of dry reformer for simulations are changed
from 550ć to 800ć and 1bar to 30bar, respectively and
flowrates of CO2 and CH4 are fixed to 100 kmol/hr while
the length of PFR dry reformer varies from 1 to 30 m. A
schematic diagram of dry reformer is shown in Fig. 1. In
this case, a steady state simulation and optimization are
also performed with a plug flow reactor (PFR) and
kinetic equations [11] in dry reforming over Ni/La2O3
which is described in Table 2. Subroutine program for
these kinetic equations is made and implemented in
commercial process simulator (PRO/II with
PROVISION release 9.1).

Figure 1. Schematic Diagram of Dry Reformer
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the detailed product information. It is known that Fe
based catalyst has several advantages in comparison with
Co based catalyst. Fe based catalyst is cheaper than Co
based catalyst, and it is less sensitive to impurities in
synthesis gas [13-15]. Consequently, the choice of
catalysts should be dependent on the economics of the
GTL process, the selectivity of product distributions and
the operating conditions of the process. In this design of
FT reactor, steady state simulations and optimizations are
performed with a plug flow reactor (PFR) and two
different kinetic equations over Fe-Cu-K (case A) and
K/Fe-Cu-Al catalysts (case B) by implementing the user
made subroutine programs of these kinetic equations into
PRO/II  PROVISION simulator and comparisons are
reported for the both cases.F-T reactor consist of three
major reactions such as the formation of paraffins
(CnH2n+2), the formation olefins (CnH2n), and WGS
(water gas shift) reactions in the following Eq. (2) to (4).
Paraffin formation

Table 1. Feed Conditions to dry reformer
Reactor
Length
Reactor
Diameter
Flowrate
(kmol/hr)

1~30m

Reactor
Temperature
Reactor Pressure

0.0653m
CH4
100

550~800ć
1~30bar
CO2
100

Table 2.Kinetic equation and parameters in dry reforming

[mol/(g s kPa)]

[mol/(g s kPa)]

[kPa-1]

nCO + (2n+1)H2 ↔ CnH2n+2 + nH2O (ṉ1)
[mol/(g s)]
reactor

(2)

Olefin formation
nCO + 2nH2 ↔ CnH2n + nH2O

(Experimental data and kinetic equations are taken from
reference [11])

(ṉ2) (3)

WGS (water gas shift) reaction
CO + H2O ↔ CO2 + H2

Figure 2. Comparison of experimental data* with simulated
conversions of reactants in dry reformer at 1bar and
CH4:CO2:He =2:2:6 (*Experimental data are taken from
reference [11])

(4)

(a)

For the purpose of comparisons, simulated
conversions of reactants by using the kinetics equations
in Table 2 were based on the same experimental
conditions. Experimental
The effect of pressure on the conversion of reactant, for
example at T=630, is also analyzed. For operating
temperatures lower than 800ć, reactor length should be
increased for a given conversion. For the design of
commercial scale of reformer and FT reactors, dimension
of reactor could be adjusted depending on the amount of
feed for processing, operating conditions, the selection of
catalysts, temperature and pressure.
In Fischer-Tropsch reaction, the syngas is converting
into paraffins and olefins with a wide range of carbon
number including waxy components (C20+) over Fe- or
Co- based catalysts by chain growth reactions for
producing the transportation oil. According to Wang et.al.
[12], the most kinetics of FT reactions over Fe based
catalysts are lumped into groups which failed to reflect

(b)
Figure 3. Flowrates of (a) reactants and products vs. length of
reactor at T=800ć and P=1bar and (b) reactants and products
vs. temperature of reactor at P=1bar

3 Results and discussions
Table 3 enlist the feed and reactor conditions for FT
reactor. For the application of GTL-FPSO processes,
comparisons of experimental with simulated molar flow
rates of products are made by using kinetics model over

2
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hydrogen increases if the operating temperature increases.
Same behavior is observed by increasing pressure too.
The different combinations of the catalysts are analyzed
in this study and the proposed study can lead to a
compact and conceptual design of Fischer Tropsch
reactors in GTL applications.
Interpretation of the products distribution and
selectivity of products can also be done by normalization
of products of C1 to C5+ excluding the products of CO,
H2O, H2, and CO2 assuming the amount of wax formation.
In summary, for both cases A and B, more olefins are
produced than paraffins and conversions of CO and H2
increase as operating temperature and pressure increase
which are corresponded to results. In addition, the length
of reactor tube should be increased as the diameter of
reactor tube decreases for the same conversion of CO and
H2.

Fe-Cu-K (case A) and K/Fe-Cu-Al (case B) catalysts for
F-T reactor wich are shown in 5 and Fig. 6. It should be
noted that experimental molar flow rates of products over
Fe-Cu-K (case A) catalyst are cumulatively taken with a
period of 10-15 h during steady state of FT micro reactor
system with the diameter of 18 mm and the length of 300
mm at T=533.15 K, P=20.92 bar for very small amounts
of feeds with the ratio of H2/CO=1.88. For case B,
experimental data [17] over K/Fe-Cu-Al catalyst is
generated under the conditions with the diameter of 22
mm-i.d. and the length of 1 m at T=523.15 K, P=10 bar
for very small amount of feed with the ratio of
H2/CO=1.5, SV=2,000~8,000/h. For the purpose of
comparisons, predicted molar flow rates of products by
simulations are based on the same operating conditions
such as temperature, pressure, feed ratio of H2/CO, and
reactor scale. It is evident from Fig. 4 that the
experimental data from the reference agrees well with the
simulated data in the present work and there are small
deviations between experimental and simulated data.Fig.
5 shows an inverse relation between carbon number and
the flow rate. It can be observed that the carbon number
get increased if the flow rate is decreased.
Furthermore, the hydrogen to carbon monoxide ratio
is about 2 which agrees well with the process
requirements. Fig. 6 shows the same behavior for paraffin
and olefin. In Fig. 6, the two cases A & B are compared
on the basis of flow rate vs carbon number at P=20.92bar,
T=523.15K, tube length=10m and diameter of
tube=0.0653m. According to Fig. 5 and Fig. 6, all
simulated flow rates of products are generally well agreed
with experimental data. Comparisons should focus on the
trends of product distributions and was shown in similar
distribution of products of functional relationship of the
carbon numbers. However, though the experimental data
for case B seems to be rather inconsistent due to
experimental errors, overall comparisons are in
acceptable ranges and similar tendency. In Fig. 6,
conversions of H2 and CO increases monotonically as the
length of reactor increases for both cases at P=20.92 bar
and T=523K. The conversions of CO and H2 are 0.626
and 0.641 for case A and the conversions of CO and H 2
are shown as 0.720 and 0.756 for case B. Fig. 6 shows
that conversions of CO and H2 for case B are more
greater than those for case A.
It is known that existing FT reactors in SASOL
processes in South Africa are operating normally in the
range of temperature T=350K~523K for LTFT (Low
Temperature Fisher-Tropsch) reaction and temperature
T=573K~623K for HTFT (High Temperature FisherTropsch) reaction at pressure P=20~21 bar. For the
purpose of conceptual design of GTL processes,
simulations of FT reactor are performed for two different
temperatures T=523K and T=623K at P=20.92 bar even
though kinetic parameters for both catalysts A and B are
optimized in the range of T=483K~563K. Simulated
results for T=623K lie out of the experimental range of
temperature but those could be used for interpretation of
the effect of HTFT reaction on product distributions from
FT reactor.
In this work, simulation results for the FT reactor
exhibit that the conversion of the carbon monoxide and

Figure 4. Schematic diagram of F-T reactor
Table 2. Feed and reactor conditions to F-T reactor
Flowrate
Reactor condition
(kmol/hr)
Temp
Pressu
Lengt
Tube
Diam
eratur
CO
H2
re
h
numb
eter
e
(bar)
(m)
er
(m)
(K)
473
1~10
0.065
100
200
1~30
~1453
5
m
3m
.15

Figure 5. Comparisons of simulation and experimental data*
(case A) according to carbon numbers at 533.15K, 20.92bar,
and at the feed ratio of H2/CO=1.88 (*Experimental data is
taken from reference [16])

(a)
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5.

6.
7.

8.
(b)
Figure 6. Comparison of the formation of olefins and paraffins
vs. carbon numbers at P=20.92bar, T=523.15K, and tube
length=10m and diameter of tube=0.0653m where (a) is for
Case A and (b) is for Case B

9.

10.

4 Conclusions
For the purpose of conceptual design of GTL processes,
simulations of dry reformer and FT reactor are performed.
For FT reactor simulation is done for two different
temperatures T=523K and T=623K at P=20.92 bar even
though kinetic parameters for both catalysts A and B are
optimized in the range of T=483K~563K. Simulation
results for FT reactor show that more olefins are
produced than paraffins and conversions of CO and H2
over two different catalysts increase as operating
temperature and pressure increase. For the dry reformer,
the steady state simulations are performed with exact
kinetics equations and optimum operating conditions and
reactor scales are reported too. Overall, proposed
simulation study can provide the tool for the effective
conceptual design of reformer and FT reactor for various
catalysts, reactor types and scale, and different operating
conditions based on kinetic equations by integrating all
GTL processes.
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