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High  Per formance , H igh
R e l i a b i l i t y  R e - i n j e c t i o n
Compressors for Green House
Gas (CO2)

1. Introduction1. Introduction1. Introduction1. Introduction1. Introduction
Today carbon hydrates of petroleum, natural gas, etc.

are mostly used as a convenient energy source. When
burned, however, these carbonates produce carbon diox-
ide (CO2), one of the "green house gasses," considered to
be one of the causes of global warming. Further the natu-
ral gas from the underground poses a problem how to
treat CO2 if contained in the natural gas.

In recent years, a series of technologies to prevent CO2

from getting released to atmosphere in addition to the
efforts to reduce the production of CO2 by decreasing the
energy consumption are drawing attention (Fig. 1Fig. 1Fig. 1Fig. 1Fig. 1). For
example, flue gas CO2 recovery plants that recover CO2

effectively from the boiler exhaust gas in power plants
have been commercialized, petroleum production by in-
jecting CO2 into the underground has been increased and
high-efficiency re-injection compressor for CO2 subter-
ranean sequestration has been commercialized.

This paper describes the characteristics of the large-
size CO2 centrifugal compressor developed and applied
for the purpose of CO2 subterranean sequestration. The
compressor is produced with substantial attention paid

to HSE (Health, Safety and Environment) throughout
entire processes of design and manufacture as to
achieve its original objective of global environmental
preservation.

2. Outline of Equipment2. Outline of Equipment2. Outline of Equipment2. Outline of Equipment2. Outline of Equipment
The newly developed compressor train is composed of

two compressors - low-pressure compressor and high-
pressure compressor -  to raise CO2 almost from
atmospheric pressure to 203 bar, and is driven by an 11.7
MW synchronous motor.  Compared with a CO2 compres-
sor used in a conventional urea plant, this compressor
has about 1.3 times higher discharge pressure, and re-
quired power equivalent to about 1.5 times larger. It is
therefore the largest-size compressor in the world as a
CO2 compressor.
 .Discharge pressure: 203 bar
 .Suction volumetric flow rate: 37 100 m3/h (77.6 t/h)
 .Required shaft  horse power: 11.7 MW

The compressor train has a both ends drive motor (a
motor whose output can be drawn at both ends of the
axis) installed at the center, two speed increasing gears
located at the outer side and the other two compressors
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Fig. 1  Concept of flue gas CO2 recovery and re-injection
Indicates a series of technologies to prevent release (emission) of CO2 to atmosphere.
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installed further outside (Fig. 2Fig. 2Fig. 2Fig. 2Fig. 2), thus minimizing the
power loss of speed increasing gears. Further, the com-
pressor does not need disassembly of its casing since it
can be opened by pulling out the internal part cartridge
in axial direction. Hence, the main gas pipes connected
to the compressor casing does not have to be removed
for the maintenance (i.e. compressor maintenance is pos-
sible without removing the main gas pipes). Further,
when two low-pressure and high-pressure compressors
are installed side-by-side, the interference between the
machines does not allow the internal part cartridge to
be pulled out in axial direction, needing one of the com-
pressors to be temporarily removed by a crane. In the
aforesaid arrangement, however, since the compressors
are located at both ends of the train, the internal part
cartridge can be opened without having to remove the
compressor. Thus the newly developed compressor train
is designed to be gentle to human beings and to have
outstanding maintainability.

Further, a soft starter is adopted for starting the syn-
chronous motor used as a driving motor for the
compressor train. Since the compressor train is installed
at a place with the electric power equipment (power ca-
pacity) not enough in reserve, if the driving motor gets
directly started, it causes an excessively large current
to flow and is likely to inflict adverse effect to the other

power equipment in the area, such as voltage drop, etc.
The adoption of the soft starter minimizes the current
flow at the time of start to prevent the other equipment
from getting affected.

3. Features of Compressor3. Features of Compressor3. Features of Compressor3. Features of Compressor3. Features of Compressor
The main compressor unit is equipped with advanced

technology required of a largest-size CO2 compressor in
the world and various features effective for HSE (FigFigFigFigFig..... 33333).

First, the compressor is equipped, through all stages,
with three-dimensional blade shaped impeller and gas
passages optimized according to the operating condition,
ensuring high efficiency of 85% at the 1st stage section
and thus contributing to reduction in power consump-
tion. In the meantime, with a wide operating range, the
compressor has substantial flexibility to correspond to
the on-site operating conditions.

CO2 had comparatively larger molecular weight than
the other gasses treated by a compressor, so that under
the aforesaid high-pressure operating condition, the spe-
cific gravity gets one-third of water, causing unstable
vibration of the compressor rotor. Thus, the technology
to prevent this vibration becomes important (TTTTTable 1able 1able 1able 1able 1).

In order to improve the vibration damping character-
istic of the rotor, the newly developed compressor is
equipped at the shaft-end outside the bearing with an

Fig. 2  Arrangement of CO2 reinjection compressor Train       
Indicates the both ends drive motor installed at the center of the train, with two speed increasing gears located at the outer side, 
and two compressors installed at the further outer side.
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Fig. 3  Cross-section of CO2 re-injection compressor
The CO2 reinjection compressor sectional drawing indicates the required high-grade 
(advanced) technology and various features effective for HSE.

1  Three-dimensional impeller
2  Direct-lubrication tilting pad bearing
3  Overhung damper
4  Swirl preventing labyrinth seal
5  Dry gas seal
6  Shear ring (stop ring)
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Table 1  Discharge gas conditions for CO2 
              re-injection compressor

Discharge temperature  (oC)

Discharge pressure     (bar)

Gas molecular weight

Gas density             (kg/m3)
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additional damper having squeeze film mechanism called
an overhung damper in addition to the adoption of a tilt-
ing pad bearing to prevent generation of instabilizing
power in the bearing itself. Further, in order to prevent
the instabilizing power caused by the swirl of the pass-
ing gas, the labyrinth seal of the division wall with large
differential pressure adopts a swirl canceller that leads
the high-pressure gas half way through the labyrinth
seal to the direction opposite to the gas swirl, ensuring
substantial stability of rotor even under the high-pres-
sure operating condition(1).

Further, the impeller resonance can occur because the
impeller natural frequency decreases more in high-den-
sity gas than in atmosphere. A thorough analysis to this
regard has been made to confirm that the natural fre-
quency in high-density gas gets reduced to approximately
60% of the frequency in atmosphere, and the compres-
sor is designed accordingly to prevent the impeller
resonance.

Although it is important to predict the gas properties
accurately when predicting the aerodynamic performance
of the compressor, it is difficult to predict CO2 proper-
ties under high pressure. Since Mitsubishi centrifugal
compressors have substantial achievements through CO2

compressors for urea plants and outstanding plant test

result of 235 bar, these technologies are effectively used
in the newly developed compressor.

As for the design validity regarding the aforesaid ro-
tor stability, impeller resonance and gas property
prediction, the compressor is put, before shipment, to
actual pressure, actual load plant test using the same
CO2 gas as is used in the field operation to confirm that
there is no problem whatsoever.

4. Conclusion4. Conclusion4. Conclusion4. Conclusion4. Conclusion
More and more technologies for extracting CO2 and

preventing its release to atmosphere will be actualized
in future, and it is said that unprecedented large-size
CO2 recovery equipment with the scale of single-train
5 000 t/d - 15 000 t/d will be required(2).

MHI is determined to develop and pursue further
study of a series of piled-up technologies to meet the
demand of society and to contribute to building up a bet-
ter global environment.
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