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ABSTRACT 

As a result of the growth of LNG markets, the LNG production capacity of 
liquefaction trains is increasing continuously. This is true not only for new projects, but 
also for the debottlenecking of existing trains. 

This tendency can be expected to continue for some years 

When the refrigerant compressors and in particular the propane compressor are gas 
turbine driven the propane pre-cool refrigerant cycle must overcome the limitations of its 
compressors and drivers. The compressors of the liquefaction mixed component 
refrigerant cycle also pose some technical problems.  

To identify solutions that are reliable yet sufficiently innovative, TECHNIP has 
undertaken studies to surpass the previously identified limits for propane pre-cooled LNG 
trains. The following aspects were studied: 

• Optimisation of the composition of the mixed refrigerant to facilitate the 
design of the propane cycle  

• Optimisation of the use and design of the pre-cooling cycle  

• The use of propane compressors made up of two casings 

• Optimisation of the choice of the propane compressor gas turbine driver: 
GE Frame 5, 6, 7 and 9. 

The studies were based on gas from the Qatar North Field and the use of the 
liquefaction process where a mixed component refrigerant is pre-cooled by another 
refrigerant made up of propane.  

RESUME 

Du fait de la croissance du marché du GNL, la capacité de production de GNL des 
trains de liquéfaction ne cesse d’augmenter. Ceci est vrai pour les nouveaux projets mais 
c’est également vrai pour les augmentations de capacités de trains existants. 

Cette tendance devrait se maintenir pendant quelques années. 



 Paper PS2-3 

 PS2-3.2

Lorsque les compresseurs de réfrigération et en particulier le compresseur propane 
sont entraînés par des turbines à gaz, le cycle propane est confronté à des limitations aux 
niveaux des compresseurs et des machines d’entraînement. Le cycle de liquéfaction 
utilisant un réfrigérant en mélange pose également des problèmes techniques au niveau 
de la compression. 

Pour dégager des solutions robustes bien qu’innovantes TECHNIP a mené des études 
pour surpasser les limites en capacité de production jusqu’alors admises pour des trains à 
pré-refroidissement au propane. Les voies étudiées sont les suivantes : 

• Optimisation de la composition du réfrigérant en mélange pour faciliter la 
conception du cycle propane, 

• Optimisation de l’utilisation et de la conception du pré refroidissement, 

• Utilisation d’un compresseur propane composé de deux casings, 

• Optimisation du choix des turbines à gaz entraînant le ou les compresseurs 
propane : GE Frame 5, 6, 7 et 9. 

Les études menées sur le gaz du gisement de North Field au Qatar utilisent le procédé 
de liquéfaction où un réfrigérant mixte est pré refroidi par un autre réfrigérant composé 
de propane. 

INTRODUCTION 

Over the last 30 years the C3-MR liquefaction process has imposed itself as the first 
choice of the majority of operating companies, including those that can be considered to 
have most contributed to the rise of the LNG industry. The Brunei LNG plant and Shell 
pioneered the use of the C3-MR process in 1972 and this fruitful experience has been 
repeated many times since. The domination of the process developed by Air Products and 
Chemicals Inc. is explained by its technical merits. The process allies the flexibility of a 
mixed refrigerant for liquefaction with the simplicity of a propane cycle for pre-cooling. 
Besides this it is efficient, robust and economic. 

In recent years, a number of new or rejuvenated processes have appeared or 
reappeared and some have been applied in projects, thereby challenging the dominant 
position of the C3-MR process. In the course of the inevitable investigations and 
evaluations, one recurring limitation of which the C3-MR process is accused is its lack of 
adaptability when considering large capacity trains or capacity increases in existing 
trains.  

In this paper, we take this allegation to task, presenting the results from our studies 
aimed at seeing how the propane refrigeration cycle of the C3-MR process can be 
designed to fit the requirements of new large capacity trains and adapted to allow 
debottlenecking of existing trains. The aim is not to say that new processes and 
innovations are of no interest but rather to demonstrate that the trusty old propane cycle 
has not said its last word. 
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HISTORY OF THE C3-MR PROCESS 

Drawing on the lessons of North African LNG, the base load LNG plant at Lumut in 
the Sultanate of Brunei was started up in 1972 by Shell. This was the start of a long 
success story for APCI’s C3-MR process. 

With the start up of the Arun LNG plant in 1978 in Indonesia came the first 
application of gas turbines as drivers for the refrigerant compressors of the C3-MR 
process. At this time, Mobil chose General Electric Frame 5 gas turbines. 

In 1995, in Bintulu Malaysia, the C3-MR process made another leap forward when 
the Shell driven project introduced large gas turbines from the power generation industry, 
adapted for the first time to mechanical drive, the General Electric Frame 6 and Frame 7 
gas turbines. 

Each of these radical steps necessarily led to special challenges during all stages of 
the respective projects. It can be concluded that the LNG industry has the resources to 
overcome large changes of scale with confidence, as further witnessed in other areas of 
the hydrocarbon industry where regular increases in unit capacity are the norm for the 
reason that economies of scale strongly influence the chances of commercial success.  

Following this historical trend toward larger plants, projects currently in the 
execution stage are reaching 5 million tonnes per year of LNG per train. The question 
that confronts designers of the next generation of LNG baseload units is whether to 
gradually push up nameplate capacity by taking advantage of minor innovations or to 
attempt a quantum leap in capacity? 

For operators interested in continuing with the C3-MR process, the question is more 
specifically: should capacity be raised from 5 MTPA to 5.5, 8 or even higher? This 
question has already been discussed by numerous authorities from various angles.  

THE PROPANE CYCLE AS THE KEY TO C3-MR CAPACITY 

In this paper the question of capacity is addressed in terms of propane compression as 
it is universally recognised that this equipment presents the biggest design challenges. 
The question is: 

In what way can the parameters of the refrigerant cycles be adjusted and the 
compressors arranged to reach capacities of 5.5, 8 or even higher while maintaining 
the main features of the C3-MR process and using only proven equipment?  

To answer the first part of this question, we shall choose a base case of 5.5 MTPA 
and study the influence of the following parameters on the propane compressor: 

• The propane precooling temperature 

• MR vaporisation pressure 

• The speed of rotation of the propane compressor 

• The LNG temperature at the outlet of the main cryogenic exchanger 
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The study of each parameter requires the mixed refrigerant (MR) composition to be 
optimised. 

We shall then use the results obtained as the basis for deducing simple guidelines for 
optimisation and apply them to develop designs for higher capacities. The guidelines will 
also be used for the question of increasing the capacity of existing plant. 

DEFINITION OF THE 5.5 MTPA BASE CASE 

The selected base case uses a natural gas, rich in nitrogen, similar to that of the Qatar 
North Field. C5+ components have been voluntarily excluded from the composition in 
order to simplify calculations and to help focus the discussions on the propane cycle 
without the complication of heavy ends removal or NGL fractionation.  

Natural gas composition: 

Nitrogen 4.0% mole

Methane 87.5% mole

Ethane 5.5% mole

Propane 2.1% mole

i-Butane 0.3% mole

n-Butane 0.5% mole

i-Pentane 0.1% mole

Other fixed conditions are: 

• NG temperature 34°C

• NG Pressure  66.5 bar abs

• Natural gas flowrate as liquefied in the MCHE 40 000 kgmole/h
(800 MMSCFD)

• LNG Temperature at MCHE Outlet -148.1°C

• C3 Condensation temperature 47°C

• Process fluid outlet temperature: water cooled 
exchangers  

34°C

• Process fluid outlet temperature: air cooled exchangers  35°C

• Centrifugal compressor efficiencies 82%

• Rundown LNG N2 content 1 mol%

• Cooling water temperature 29°C
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• Air temperature 28.5°C

• Available power for different gas turbines 
 
GE 5 B   22 300 kW 
GE 5 C   24 200 kW 
GE 5 D   27 900 kW 
GE 6   37 200 kW 
GE 7 EA   73 500 kW 
GE 9 106 200 kW 

The MCHE is the same in each case. All calculations have been done in rating mode. 

Liquefaction process 

The C3-MR process as shown in Figure 1 needs no introduction. 
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Figure 1 : APCI MR Precooled with Propane  - Split MR 

The 5.5 MTPA design uses two GE 7 EA gas turbines and process conditions are 
adjusted for present purposes to optimise its performance. The main parameters are as follows: 

• Propane evaporator temperature approach 2°C 

• Number of stages in the propane cycle  4 

• Number of impellers in the propane compressor  5 

• LP MR Compressor suction pressure 4.2 bar abs 

• Cryogenic hydraulic turbines 2 
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Nitrogen removal process 

To increase the liquefaction plant capacity with no impact on the C3 and MR 
refrigerant cycles, the nitrogen removal process developed by Total and Technip is used 
as shown in Figure 2. 
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Figure 2 : LNG Nitrogen Removal Unit 

This process allows the direct liquefaction of approximately 6.2% of the natural gas 
and at the same time allows the temperature of the LNG at the MCHE outlet to be 
increased by 4°C, which is the equivalent of an additional 4.8% capacity. In total, this 
process offers an increase in LNG production of 11% with no modification of the 
liquefaction process.  

The LNG at -148.1°C coming directly from the main exchanger is dynamically 
expanded after mixing with the LNG produced by the NRU. The LNG at 5 bar abs is 
cooled to -152.6°C in the nitrogen removal column reboiler before being expanded to 
1.25 bar abs and fed to the aforementioned column. 

The bottom product from the column, LNG with 1% mol N2, is pumped to 5 bar abs 
and sent to storage. The overhead product is a N2 rich gas which is heated to 30°C at 
1 bar abs in a plate heat exchanger and then compressed to 30 bar abs by means of a 4 
stage compressor with a total power of 21 000 kW.  

A part of this gas at 30 bar abs and 40°C (4000 kgmoles/h) is further compressed to 
52.8 bar abs in the compressor coupled to an expansion turbine, cooled to 35°C against 
cooling water and then to -30°C in the plate exchanger. The cooled gas is routed to the 
expansion turbine and exits at -118°C, 6.4 bar abs. The gas is heated to 30°C for the 
purposes of cold recovery before going to the NRU 3rd stage of the NRU compressor. 
Reheating this gas enables 2483 kgmole/h of dry natural gas to be liquefied. 
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Performance of the 5.5MTPA base case 

Table 1 – Overall material balance 

 Dry NG LNG 
rundown 

NRU  
Off gas 

LNG in 
storage 

BOG 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
 
Total  

kgmole/h 
kgmole/h 
kgmole/h 
kgmole/h 
kgmole/h 
kgmole/h 
kgmole/h 
 
kgmole/h 

1 699.4
37 173.5
2 336.6

892.2
127.4
212.5
42.5

42 483.0

383.1
34 320.4
2 336.3

892.2
127.4
212.5
42.5

38 314.3

1 316.4
2 853.1

0.3

4 169.8

272.8 
33 867.5 
2 336.3 

892.2 
127.4 
212.5 
42.5 

 
37 751.1 

110.2
452.9

563.2

Mass kg/h 776 398 693 745 82 656 683 389 10 353

HHV    MW 11001.8 10 300.5 701.3 10189.2 111.3

 
Fuel gas requirements are met by the gas from the NRU and by boil-off gas from 

LNG storage. The efficiency of the LNG train is 92.61% in terms of higher heating value. 

On the basis of 8280 h per year, annual LNG production is 5.66 MTPA referenced in 
the storage tanks, which corresponds to our objective with a small margin for loading 
losses etc. The powers of the refrigerant compressors are as follows: 

• Propane compressor    54 800 kW 

• HP MR compressor    24 900 kW 

• MP MR compressor    16 200 kW 

• LP MR compressor    63 500 kW 

• NRU Off gas compressor   21 200 kW 

The total power requirement of the refrigerant compressors, C3 plus MR, is 
159 400 kW. Consequently each drive shaft must provide 79 700 kW, necessitating a 
supplement of 6 200 kW of helper power per gas turbine. The use of an axial compressor 
in LP MR service would allow a gain of around 6500 kW, or 3250 kW per machine. 

The NRU Off gas compressor power results from the use of the gas recycle. If this feature 
were removed, the power would reduce to 14 300 kW but LNG production in the storage 
tank would become 667 567 kg/h. In conclusion, the NRU off gas recycle produces 
15822 kg/h of LNG or 2.37% for a small increase in investment and a specific 
consumption of 0.43 kWh/kg of additional LNG. 

The specific consumption of the train comes out to 0.264 kWh/kg of LNG. 
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PARAMETRIC STUDY 

Using the 5.5 MTPA base case as a reference, the influence of the following 
parameters has been studied with a view to defining optimisation guidelines for large 
capacity C3-MR LNG trains. The influence of the following parameters is covered by 
discrete studies. 

• MR Composition 

• Precooling temperature 

• The LP MR compressor suction pressure, which determines the MR vaporization 
pressure.  

• The shaft speed of the propane compressor 

• The temperature of LNG leaving the MCHE. 

The MR composition is optimised for each study considering a constant gas 
liquefaction capacity (40 000 kgmole/h - 800 MMSCFD) and the same MCHE. 

The parameters observed are 

• The total power requirement of the refrigerant compressors 

• The propane compressor power 

• The volumetric flowrate at the inlet to the most heavily loaded impeller of the 
propane compressor, which is the single impeller of the 3rd stage 

• The flow coefficient of the most heavily loaded impeller 

• The volumetric flowrate of the LP MR compressor and the flow coefficient of 
its first impeller 

• The MR composition and the vapour fraction of the pre-cooled HP MR 

Influence of MR Composition 

The methane content of the MR is progressively increased from 42.5% mole to 
47.5%. The vapour fraction at the outlet of MR precooling and the propane content are 
used for optimisation. 

This increase in methane has a very marked effect as the volumetric flowrate at the 
entrance to the 3rd stage impeller of the propane compressor decreases from 193 800 m3/h 
to 171 200 m3/h and the flow coefficient of the same impeller decreases from 0.1625 to 
0.1434. Unfortunately the global efficiency decreases significantly for concentrations of 
methane above 44.5%, at which point the propane content of the MR is 14.8% mole. 

The law that can be deducted is that it is necessary to maximise the methane content 
while avoiding the break point at which the efficiency drops as judged from the last line 
of Table 2, and which in our case is 44.5%. 
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Table 2: Influence of MR composition 

Nitrogen % 4.5 4.5 4.5
Methane % 42.5 43.5 44.5
Ethane % 40 38 36.3
Propane % 13 14 14.8
Precooling temperature °C -34 -34 -34
HP MR vapour fraction % 30 29 28
Propane compressor kW 61700 60500 59500
C3 3rd wheel volume flow m3/h 193800 187000 181500
C3 3rd wheel flow coefficient  0.1625 0.1566 0.1520
LP MR volume flow m3/h 232700 231000 229900
LP MR 1st wheel flow coefficient  0.1303 0.1293 0.1286
Total Power of C3 and MR kW 158900 158600 158700
   
Nitrogen % 4.5 4.5 4.5
Methane % 45.5 46.4 47.5
Ethane % 34.6 33.1 31.4
Propane % 15.4 16 16.6
Precooling temperature °C -34 -34 -34
HP MR vapour fraction % 27.5 27 26.3
Propane compressor kW 58900 58300 57600
C3 3rd wheel volume flow m3/h 177700 174500 171200
C3 3rd wheel flow coefficient  0.1489 0.1462 0.1434
LP MR volume flow m3/h 229700 229500 229400
LP MR 1st wheel flow coefficient  0.1284 0.1284 0.1284
Total Power of C3 and MR kW 159300 159800 160600

 

Influence of precooling temperature 

The pre-cooling temperature is progressively increased from -34°C to -31°C.  

This variable is also very important: the volumetric flowrate of the propane 
compressor 3rd stage decreases from 181 500 m3/h to 167 000 m3/h and the flow 
coefficient of the impeller decreases from 0.1520 to 0.1398. The global efficiency of the 
cycle remains fairly constant such that at -31°C, the power penalty is only 400 kW. 

At -31°C, we reach a flowrate below 170 000 m3/h and a flow coefficient of 0.14, 
which ensures that the propane compressor is within operating experience. 

The law that can be deduced is that an increase of 1°C in the pre-cooling temperature 
reduces the volumetric flowrate of the propane compressor at the inlet to the 3rd impeller 
by 2.7% and the flow coefficient by 0.004. The optimum temperature is that at which the 
propane compressor no longer poses a design problem. In our case this temperature is  
-31°C.  

The volumetric flowrate of the LP MR compressor increases with precooling 
temperature at a rate of 0.9% per °C. 
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Table 3: Influence of Pre-cooling Temperature 

Nitrogen % 4.5 4.5 4.5 4.5
Methane % 44.5 44.5 44.5 44.5
Ethane % 36.3 35.8 35.4 35.0
Propane % 14.8 15.2 15.6 14.8
Precooling temperature °C -34 -33 -32 -31
HP MR vapour fraction % 28 28 28 28
Propane compressor kW 59500 58000 56500 55000
C3 3rd wheel volume flow m3/h 181500 176300 171400 167000
C3 3rd wheel flow coefficient  0.1520 0.1477 0.1436 0.1398
LP MR volume flow m3/h 229900 232600 235400 238200
LPMR 1st wheel flow 
coefficient 

 0.1286 0.1302 0.1318 0.1334

Total Power of C3 and MR kW 158700 158800 159000 159100
 

Influence of MR vaporisation pressure 

The suction pressure of the LP MR compressor is increased from 4.2 to 4.5 bar abs.  

Table 4: Influence of MR Vaporisation Pressure 

MR vaporisation pressure bars a 4.2 4.3 4.4 4.5
Nitrogen % 4.5 4.7 4.9 5.1
Methane % 44.5 45.0 45.5 46.0
Ethane % 35.0 34.3 33.6 32.9
Propane % 16.0 16.0 16.0 16.0
Precooling temperature °C -31 -31 -31 -31
HP MR vapour fraction % 28 28 28 28
Propane compressor kW 55000 54800 54600 54400
C3 3rd wheel volume flow m3/h 167000 165800 164800 164000
C3 3rd wheel flow coefficient  0.1398 0.1390 0.1382 0.1375
LP MR volume flow m3/h 238200 233200 229700 225800
LP MR 1st wheel flow 
coefficient 

 0.1334 0.1306 0.1286 0.1264

Total Power of C3 and MR kW 159100 159400 159700 160100
 

The LP MR volumetric flowrate reduces by 18% per bar.  

The volumetric flowrate of the propane compressor 3rd stage is reduced by 6% per bar 
of increase in the LP MR. The efficiency remains stable up to a point that in our case is 
situated at 4.5 bar abs. 

The rule that can be deduced is that the pressure must be maximized, stopping at the 
point where the efficiency drops sharply.  

Influence of the MCHE outlet temperature 

Final sub cooling of the LNG can be transferred to another cycle such as a Brayton 
cycle using the methane/nitrogen mixture obtained from the auto-refrigeration of LNG. 
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Table 5: Influence of MCHE Outlet Temperature 

LNG at MCHE outlet °C -148.1 -138.1 -128.1
LP MR  bars a 4.4 4.4 4.4
Nitrogen % 4.9 1.0 0.0
Methane % 45.5 45.0 44.2
Ethane % 33.6 39.0 39.8
Propane % 16.0 15.0 16.0
Precooling temperature °C -31 -31 -31
HP MR vapour fraction % 28.0 20.0 9.0
Propane compressor kW 54600 53100 48900
C3 3rd wheel volume flow m3/h 164800 163000 146200
C3 3rd wheel flow coefficient  0.1382 0.1367 0.1226
LP MR volume flow m3/h 229700 200400 173600
LPMR 1st wheel flow coefficient  0.1286 0.1122 0.0972
Total Power of C3 and MR kW 159700 140100 124900

 

When the sub-cooling temperature is varied from -148.1°C to -128.1°C in 10°C steps 
it is observed that the propane volumetric flowrate decreases by 0.6% per °C of increase 
in the temperature of the LNG leaving the MCHE and that the power of the MR 
compressors reduces by 1.1% per °C. 

This solution leads to a very rapid reduction in refrigerant compressor power. 
However, the reduction in power is faster than the reduction in propane compressor 
volume flow rates such that in situations where NG throughput is increased to saturate the 
available power, the propane compressor is the bottleneck. 

It can be concluded that this route is best reserved for cases where it is the only way 
to increase or maintain capacity, such as during expansion of capacity in an existing plant 
when the available power alone limits the production capacity. In our base case, we shall 
not make use of it. 

Influence of rotational speed of the compressor 

Table 6 indicates for different shaft speeds the maximum powers of propane 
compressors and the maximum capacities of LNG trains using a single propane 
compressor. This table uses the values obtained for the parameters studied above. 

• MR Composition  44.5% methane 

• Pre-cooling temperature -31°C  

• MR vaporisation pressure  4.5 bar abs 

• MCHE outlet temperature -148.1°C 

Plus, a value for the flow coefficient of the 3rd wheel of the propane compressor of 0.14. 
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Table 6: Influence of Rotational Speed on Capacity 

Rotating speed RPM 3000 3600 4200 4670
Propane compressor power kW 79400 55200 40500 32300
LNG production MTPA 7.98 5.54 4.07 3.24

 
To reach large capacities the shaft speed must be reduced using either a speed 

reducing gear or a turbine with a lower shaft speed such as the GE Frame 9. A train using 
two GE 9 turbines can be anticipated to reach a capacity of 8 MTPA with the C3-MR 
process. It is likely that at this large capacity another arrangement of MCHE is required. 

The base case capacity of 5.5 MTPA can be reached with a single propane 
compressor turning at 3 600 RPM. This would seem to be the limit of capacity for this 
configuration. 

Concluding remarks 

In conclusion, the parametric study has allowed us to determine laws for optimisation 
of the C3-MR process and to identify for each law the limits of application. These laws 
shall now be applied to the design of new trains and to an example of capacity 
enhancement of an existing train. 

8 MTPA LNG TRAINS UTILISING GE FRAME 7 TURBINES 

The 8 MTPA LNG capacity target requires three GE Frame 7 gas turbines. There are 
two interesting possibilities for the arrangement of the compressor casings on the three 
shafts that are described below. 

Configuration with two LP MR-C3 lines in parallel 

This configuration is presented in Figure 3. In this diagram, there are two propane 
compressors and two LP MR compressors. A GE 7 gas turbine drives each shaft with one 
propane compressor and one LP MR compressor.  
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Figure 3. Propane Compression, MR Compression 8 MTPA Case 
 
The obvious advantage is that all the compressors with large volumetric flow rates are 

put in parallel and that the flows of propane and LP MR are divided by two. Whereas the 
capacity of the 5.5 MTPA case is multiplied by 1.5, the volume flow rates of propane and 
LP MR compressors are multiplied by 0.75. Hence we achieve a volumetric flow rate for 
the propane compressor which is far from the 170 000 m3/h limit. The maximum flows 
are as follows:  

• 124 500 m3/h at the inlet to the 3rd impeller of the propane compressor, 

• 175 500 m3/h at the inlet to the 1st impeller of the LP MR compressor, 

• 159 900 m3/h at the inlet to the NRU compressor. 

This configuration is very attractive for the design of the compressors, the biggest 
flow coefficient being of the order of 0.103.  

This configuration requires suction drums for each compressor and for this capacity, 
it is necessary to provide two MCHE’s in parallel so that each exchanger supplies an LP 
MR compressor as indicated in Figure 4. It can be useful to provide a "crossover" of 
smaller diameter which will be used in the event of maintenance on a turbine of the LP 
MR-C3 compressor, but which may also be kept open during normal operation. 
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Figure 4. Propane and LP MR Compression 8 MTPA Case  

 
Another question which arises is how to arrange the propane evaporators used for 

chilling the natural gas and the HP MR. Is it better to have two distinct trains connected 
each to a propane compressor or one train only whose flows are divided between the C3 
machines? The answer depends on installation constraints on the one hand and the 
characteristic curves of the propane compressor stages on the other. By using a machine 
with 5 impellers, the characteristic curves are relatively steep and it is possible to operate 
two compressors in parallel provided that speed is the same for both shafts as is the case 
for two GE Frame 7 gas turbines. 

However even if the use of only one train is both possible and economically 
attractive, an arrangement with two trains could nevertheless be of interest as operation is 
then easier for shutdowns and at start up as well as for operation at reduced capacity. 
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Configuration with two MR strings in parallel and a propane compressor in 
two casings 
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Figure 5. MR and C3 Compression - 8 MTPA LNG Train 

The propane compressor as shown in Figure 5 is composed of two machines:  

• A main compressor with 4 impellers, for which the maximum volume flow is 
167 000 m3/h on the 3rd impeller; it receives flows from the LLP, MP and HP 
stages and has a power of 54 900 kW,  

• A second compressor with 3 impellers which receives LP propane; its suction 
volumetric flow is 165 000 m3/h; its power is 27 800 kW.  

In total, the power of the propane compressor is 82 700 kW. The MR compressors 
have a power of 78 200 kW each. They are composed of two casings. In this 
configuration, it would be preferable to have a slightly higher precooling temperature to 
shift approximately 3MW from the C3 compressor to the MR compressors.  

A propane compressor arranged similarly with two asymmetrical casings is in 
successful operation in the Gasco NGL fractionation plant in Ruwais, Abu Dhabi. 

Concluding remarks 

The feasibility of an 8 MTPA train using three turbines is clearly established and 
there are at least two solutions for arranging the compressors. The first solution is more 
flexible. The second solution is less expensive. 
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INCREASING THE CAPACITY OF AN EXISTING TRAIN USING GE FR 5 
TURBINES 

We shall take as an example the increase in capacity of an LNG train where 
refrigerant compression is comprised of three compressors driven by GE Frame 5 B gas 
turbines with shaft speeds of 4 670 RPM and one compressor driven by electric motor. 

If the increase in capacity is too great, then it will not be possible to find technically 
simple solutions for the pre-treatment of the natural gas feedstock. Therefore an increase 
in of 30%  is adopted as a reasonable objective. 

The precooling temperature is –34°C. The power split is 38% for C3 and 62% for 
MR.  

Two compressors in series ensure MR compression. Each compressor is driven by a 
GE 5 B turbine used at maximum power in normal operation: 22 300 kW.  

Two compressors in series ensure propane compression. The main C3 compressor is 
driven by a GE 5 B gas turbine and the auxiliary compressor by a 5 000 kW electric 
motor.  

If for MR compression the GE 5 B turbines are replaced by GE 5 D turbines, it is 
possible to increase the power by 25%. If the precooling temperature is not changed, this 
leads to a potential increase in capacity of 25%. The power of the propane compressor 
then becomes 34 200 kW, which is still suited to the use of two GE 5B turbines. If the 
precooling temperature is lowered to -37°C then the split of power becomes 40% for C3 
and 60% for MR., the increase of capacity is 29% and propane power is 37 200 kW, 
which can still be covered by two GE 5 B turbines used at a power load of 18 600 kW.  

We know that for a speed of 4 670 RPM the maximum propane compressor power is 
32 315 kW for a precooling temperature of -31°C.  

For precooling to -37°C, this value is lowered by 18% and becomes 27 000 kW. The 
speed must be lowered and a speed-reduction gear is the appropriate solution to bring 
speed to approximately 3 600 RPM on the main compressor. The compressor 
configurations are shown in Figure 6 
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Figure 6. Increasing the Capacity of an Existing Train 

To obtain this increase in capacity, it will also be advisable to increase the hydraulic 
capacities of exchangers, fractionation towers and liquid-vapour separators, through the 
use of the following techniques:  

• Extended surface tubes, for example of the WIELAND type, in the propane 
evaporators,  

• Use of high efficiency internals in drums (vane distributors and high efficiency 
mist eliminators),  

• Use of high capacity trays 

• Use of low fin and extended surface tubes for water-cooled exchangers.  

Others gains can be obtained through process modifications, for example:  

• Addition of an economiser and creation of a 5th propane compression stage,  

• Addition of an LNG sub-cooling cycle 

• Use of a more powerful NRU off gas compressor and use of a Brayton cycle 
on the compressed off gas.  
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CONCLUSION 

Parametric studies undertaken on a 5.5 MTPA train using two GE 7 gas turbines as 
compressor drivers have been used to determine laws for the optimisation of the C3-MR 
process and its propane cycle. These laws have in turn enabled conclusions to be drawn 
concerning new LNG trains of increased capacity and the debottlenecking of existing 
trains: 

• It is possible to design a 5.5 MTPA LNG train using two GE 7 gas turbines 
while remaining within the region where the design of the propane compressor 
does not pose any problem 

• It is possible to design an 8 MTPA LNG train using three GE 7 and proven 
equipment 

• It is possible to design a 8 MTPA train using two GE 9 gas turbines 

• It is possible to increase the capacity of an existing train by 30% by upgrading 
part of the GE 5 B turbines to GE 5 D and by reorganising the propane 
compression system. 

PERSPECTIVES 

In the short term, if the hurdle that separates GE 7 from GE 9 can be overcome, it will 
soon be possible to reach approximately 12 MTPA with a train using three GE 9. It 
would also be possible to reach 11 MTPA with four GE 7 turbines.  

Obviously there are other routes that have been excluded from the studies. Electric 
motor drives would be well suited to large propane compressors as there is the possibility 
of reduced shaft speeds and large powers. If coupled with a combined cycle power plant 
it is also a means to reduce CO2 emissions.  
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