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THE IMPACT OF CO2 COMPRESSION SYSTEMS ON THE
COMPRESSOR POWER REQUIRED FOR A PULVERIZED

COAL-FIRED POWER PLANT IN POST-COMBUSTION CARBON
DIOXIDE SEQUESTRATION

The aim of this paper is to analyze various CO2 compression processes for post-
combustion CO2 capture applications for 900 MW pulverized coal-fired power plant.
Different thermodynamically feasible CO2 compression systems will be identified and
their energy consumption quantified. A detailed thermodynamic analysis examines
methods used to minimize the power penalty to the producer through integrated,
low-power compression concepts. The goal of the present research is to reduce this
penalty through an analysis of different compression concepts, and a possibility of
capturing the heat of compression and converting it to useful energy for use elsewhere
in the plant.

1. Introduction

Compression of CO2 is an essential process in the development of carbon
capture and storage technologies. A complete CO2 Capture and Sequestration
(CCS) system requires safe, reliable and cost-efficient solutions for transmis-
sion of CO2 from the capturing facility to the location of permanent storage.
For transmission of large quantities of CO2 over moderate distances, pipelines
are considered the most cost-efficient solution. Pipeline transmission of CO2
over longer distances is most efficient when the CO2 is in the dense phase
i.e. in the liquid or supercritical regime (Fig. 1).

This is due to the lower friction drop along the pipeline per unit mass
of CO2 compared to transmitting CO2 as gas or as a two-phase combination
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Fig. 1. Phase diagram of CO2

of both liquid and gas. Pressure losses and sufficient pipeline distances taken
into account require compressor discharge pressures in the range of 130-200
bar. Compression of CO2 differs from most fluid compression tasks due to
the high molecular weight, highly compressible behavior and the presence
of critical point. At the critical point, the difference between the liquid and
the gaseous fluid phase disappears. During the compression process the CO2
volume reduction is tremendous, resulting in a large impeller diameter at the
first – and a very small impeller diameter at the last stage. Existing CO2 com-
pressors are expensive because the overall pressure ratio is very high (100:1)
and, in part, because they require a stainless steel construction to accommo-
date CO2 in presence of water vapor. By far the most significant impact on
cost is the aerodynamic design practice that limits the design pressure ratio
per stage on heavier gases such as CO2. Thanks to it, CO2 compressors are
responsible for a large portion of the enormous capital and operating cost
penalties expected with any carbon capture and sequestration system (CCS).
The CO2 compressor power required for a pulverized coal-fired power plant
with amine-based capture systems amounts to approximately 6% to 12% of
the plant rating [4], depending on operating conditions, and it cannot be fully
optimized without considering the significant amount of heat compression.
To optimize heat integration [14], compression systems must be integrated
with both power production and CO2 capture plants. In view of the fact
that the selection and design of an efficient CO2 compression technology is
dependent on the applied carbon separation method [13], the present work
is motivated by the need to gain a better understanding of the possibilities
and limitations of the CO2 compression process for post-combustion CO2
capture applications.
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2. Boundary conditions and characteristics of the compressing process

The separation technology determines the thermodynamic state of carbon
dioxide entering the process. In a typical post-combustion capture process
based on chemical absorption, CO2 is separated from the exhaust gas stream
of the power plant at close–to-ambient conditions (t1 =280C, p1 =1.5 bar).
The storage of carbon dioxide is accomplished by drilling an injection well
into a porous rock stratum or aquifer that is covered by a gas tight cap
rock layer. The depth of such geologic formations varies with geographic
locations but usually the final pressure of 136-204 bar is required to inject
the CO2 into the formation. For this study, the final pressure of 153 bar was
adopted. The compressor power was calculated for the following remaining
conditions [15]:
– Power of PC plant 900 MW
– Mass flow of CO2 147 kg/s.
– Suction pressure 1.515 bar
– Discharge pressure 153 bar
– Cooling water temperature 15/30◦C
– Interstage cooling gas temperature: most optimistic – 20◦C and realistic

– 38◦C
– Pressure loss in the coolers 1-3% (∆pmax<0.344 bar).
These thermodynamic properties were used throughout the thermodynamic
analysis to compare alternative options to the power required for the conven-
tional process.

Additionally, in order to compare the various options and provide ac-
curate values for enthalpy, entropy and density, it was necessary to assume
pure carbon dioxide gas for the analysis.

3. Thermodynamic analysis

The process simulation Aspen Plus [3] was used to predict thermody-
namic properties of the CO2 stream at required conditions and quantify the
performance of each compression chain option accordingly. Within the As-
pen environment, the Benedict, Web, and Rubin with extension by Starling
(BWRS) and Redlich and Kwong augmented by Soave (LKP) equation of
state for real gases within the relevant ranges of pressure and temperature
for process compressor were used. The results for carbon dioxide [13] are as
follows: BWRS best agreement for pmax<50 bar (>99,8%), LKP best agree-
ment for 50-250 bar (>98%). These findings were compared with the real
gas property calculation with the use of the Schultz correction factor [19]
and with the gas property tables [2], [5], [7] (Table 1).
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Table 1.
Comparison of isentropic four section compressor head calculation options:

A – Process simulator Aspen Plus [3], AT – Data from thermodynamic tables aided by Aspen
Plus [2,7,20], O – calculations of the real gas thermodynamic property with the use of the Schultz
correction factor [19], p-i, pressure-enthalpy diagram [1], T – thermodynamic tables [ 2,7,20]

Section YsI YsII YsIII YsIV

∑
YS

p-i [1] 74.0 68.0 65.0 47.0 257.0

O [13] 75.95 70.44 68.54 48.66 263.58

T [14] 75.51 65.85 66.71 43.85/39.84 251.93

AT [3] 74.33 68.21 66.43 43.11 252.08

A [3] 75.25 72.34 67.30 49.41 264.29

To conform with Table 1, the best consistence between O and A cal-
culation options (>99,7%) was obtained. In the further calculations, Aspen
Plus was used to predict the thermodynamic properties of the CO2 stream at
required conditions.

4. Compression technology options

Three variables influence the compressor power consumption and cool-
ing necessities: compressor efficiency, pressure ratio, and CO2 inlet temper-
ature. The selection and design of a more efficient compression technology
is dependent on the carbon dioxide separation method which determines the
thermodynamic state of the carbon dioxide entering the process.

The first differentiation between the studied strategies is the density of
compressed CO2, i.e. whether the final compression section constitutes a
compressor or a pump. Depending on the compression process, carbon diox-
ide may remain in vapor form until it reaches the supercritical state or it
may be converted into liquid at cryogenic conditions until it reaches the
final state as a supercritical fluid. In the latter case, a pump rather than a
compressor is used to bring the dense CO2 to its final pressure. The selected
type of the compressor is highly dependent on the starting pressure, which
is approximately 1.5 bar. Various types of compressors including ordinary
and integrally geared centrifugal machines have been applied to meet these
compression service requirements depending on inlet and outlet pressures and
volumetric flows. For most CO2 applications, the integral-gear design offers
undeniable advantages [4]. Integrally geared compressors can be optimized
for each stage due to lower volume and higher pressure at each progressive
stage. It is possible to go to different speeds on each pinion and stage so that
very high rpm values (50,000) can be obtained. The polytrophic efficiency
of these machines is in high eighties.
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Fig. 2. Competitive advantages and opportunities for shock-wave technology [12]

Aerodynamic challenges include a very high pressure ratio of 1.7 to
2.0:1 and a wide range of flow coefficient stages. At these stage pressure
ratios, eight stages of the integral-gear compressor are typically required to
reach an overall pressure ratio of 100:1. This issue is further complicated by
the need to introduce intercoolers between each compressor stage. The heat
of compression discharge temperature associated with these stage pressure
ratios is approximately 90◦C, which, as the inflow to the next stage, is too
high to achieve good efficiency, but it still lacks the thermal driving force
for cost-effective heat exchanger selection. This heat is also of insufficient
quality to be of practical use elsewhere in the process. The only option is to
reject the seventh intercooler heat exchanger. Since CO2 is a highly corrosive
medium, the water content must be reduced to less than 60% of the saturation
state. Dehydration of the CO2 is necessary to avoid corrosion and hydrate
precipitation. This requires that H2O is brought down to ppm-levels. The use
of stainless steel for any components in contact with wet CO2 eliminates the
problem.

Lately, a high-efficiency gas compressor [12] has been developed which
makes use of the same shock compression technology as is used by su-
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personic aircraft inlet systems. This compression is uniquely suited to the
compression of large volumes of CO2 and promises to significantly reduce
gas compression auxiliary loads in CCS systems with high efficiency (Fig. 2).
In addition to the obvious economic advantages and in view of the fact
that the direct result of this compressor makes it possible to achieve sin-
gle stage compression ratios of 10-12:1, the stage discharge temperature is
about 246◦C. This offers the potential for significant heat integration, without
compromising the compressor performance.

The combination of compression and heat recovery creates an even more
impressive energy efficiency advantage by recovering 70-80% of the electrical
input energy in the form of useful heat. Potential uses for the available heat
are to regenerate amine solutions or pre-heat boiler feed-water.

Either CO2 is compressed to the desired pressure using a gas compressor
or it is liquefied at lower pressures by using refrigeration systems and then
pumped to the desired pressure. The final consideration in the analysis was
to pump carbon dioxide in a liquid state at a low temperature. The underlying
premise of the liquefaction approach is that liquid pumps require significantly
less power to raise pressure and are considerably less expensive than gas
compressors. The key to minimizing the variable operation and maintenance
costs of either CCS system is to integrate the most efficient and variable
compression technology with the capture process or the power plant.

5. Overview of CO2 compression strategies

13 different technically feasible strategies for compressing CO2 in a
coal-fired power plant with post-combustion CO2 capture according to the
boundary conditions specified in Section 2 were studied and will be de-
scribed below. Their performance was quantified and compared with that
of the baseline compressor solution and of the thermodynamic entitlement
of isothermal compression. Various types of compressors including a con-
ventional multistage centrifugal compressor, an integrally geared centrifugal
compressor, a supersonic shock wave compressor, and pump machines were
used.

5.1. Ordinary and integrally geared centrifugal compressors

C1 – The applied baseline thermodynamic analysis to which all oth-
ers alternatives were compared, the conventional in-line approach which is
characterized by four compressor sections with three intercoolers, 14 stage
compression and no pump are all schematically illustrated in Figure 3. For
this study, the polytropic efficiency of the multistage compressor was taken
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at 84% for the first section and linearly reduced in each successive section to
70% for the fourth section. The CO2 stream is brought to the final pressure
value through four compression sections intercooled to 38◦C. The analysis
so far assumes 29.44◦C cooling water, typically from a cooling tower. The
process is shown schematically in a pressure-enthalpy diagram in Fig. 4.
Option C1 provides a baseline to compare alternative compression options.

Fig. 3. Basic configuration of four section CO2 intercooling compression

Fig. 4. Thermodynamic path of conventional compression technology. Baseline case C1

C2 – Conventional Centrifugal 16 stage compression with six sections
and five inter-cooling steps. The other data are the same as for option C1. A
schematic configuration of this compression strategy is shown in Fig. 5. The
final cooling step at 38◦C is shown in Fig. 6.

Fig. 5. Configuration of six section intercooling compression

C3 – Eight stage integrally geared compressor with 7 intercoolers (Fig. 7).
Polytropic efficiency changes gradually from 84% for the first stage to 70%
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Fig. 6. Thermodynamic path of six section intercooling compression

for the eighth stage. For the comparative analysis of the influence of the inlet
gas temperature on the compressor power requirement, the available cooling
water at possibly lower ambient conditions (15◦C) was firstly used in this
option. The adequate inlet gas temperature is 20◦C. The thermodynamic path
of the compression process is shown in Figure 8.

Fig. 7. Schematic illustration of eight-stage integrally geared compressor alternatively with 7 and
with 6 intercoolers. Options C3 and C4. Polytropic efficiency ηp =84%-70%
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Fig. 8. Comparison of the thermodynamic path of CO2 compression strategies of eight stage
integrally geared compressor with the thermodynamic path of supersonic shock wave two stage

compressor. Options C3, C4 and CS1. Interstage compressor cooling 20◦C

C4 – Eight stage integrally geared compressor with 6 intercoolers, and
inlet inter-stage gas temperature 20◦C (Fig. 7). The rejection of the 7th in-
tercooler offers the potential for significant heat integration with the power
plant process (Fig. 8). For this study, the adopted efficiency was the same as
in concept C3.

C5 – Eight stage integrally geared compressor with 7 intercoolers and
inlet inter-stage gas temperature of 20◦C (Fig. 9). Polytropic efficiency is
84% for the first stage and 56% for the 8th stage.

C6 – Eight stage integrally geared compressor with 6 intercoolers, and
inlet inter-stage gas temperature of 20◦C. The rejection of the 7th inter-
cooler offers the potential for significant heat integration with the power
plant process. For this study, the adopted efficiency was the same as in
concept C5.

C7 – Eight stage integrally geared compressor with 7 intercoolers and
inlet inter-stage gas temperature 38◦C. The polytropic efficiency is 84% for
the first stage and 70% for the 8th stage. The thermodynamic path of the
compression process is shown in Fig. 10.

C8 – Eight stage integrally geared compressor with 6 intercoolers and
inlet inter-stage gas temperature 38◦C. The rejection of the 7th intercooler of-
fers the potential for significant heat integration with the power plant process.
For this study, the adopted efficiency was the same as in concept C7.
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Fig. 9. Schematic illustration of eight-stage integrally geared compressor alternatively with 7 and
with 6 interstage coolers. Polytropic efficiency ηp =84%-56%. Options C5 and C6

Fig. 10. Comparison of the thermodynamic path of CO2 compression strategies of the eight-stage
integrally geared compressor with the thermodynamic path of Ramgen’s supersonic shock wave

two stage compressor. Options C7,C8 and CS2. Interstage compressor cooling 38◦C

5.2. Advanced supersonic, shockwave compressors

An advanced supersonic two-stage compressor [12] is now being devel-
oped for CCS applications. In this work, two options were considered with
the following:
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CS1 – The compressor concept achieves the required 100:1 pressure ratio
in two stages of compression each rated at 10:1 intercooled to 20◦C and at
increased temperature of 250◦C. A schematic illustration of the shock com-
pression is shown in Fig. 11. The thermodynamic path of the compression
process is shown in Fig. 8.

CS2 – This option differs from option CS1 with intercooled temperature
of 38◦C and discharge temperature of 285◦C (Fig. 12). The thermodynamic
path of the compression process is shown in Fig. 10.

Fig. 11. Schematic illustration of supersonic two stage compressor intercooled to 20◦C Option
CS1

Fig. 12. Schematic illustration of supersonic two stage compressor intercooled to 38◦C Option
CS2

5.3. Compression and pumping

CP1 – Compression and pumping with supercritical liquefaction. The
CO2 is brought to just above the critical pressure (80 bar) through six com-
pression sections intercooled to 38◦C with water at ambient conditions. Sub-
sequent cooling results in the liquefaction of the CO2 at the compressor outlet
pressure of 80 bar, after which a pump is used to bring the dense fluid to
the final pressure (Fig. 13). The thermodynamic path of the compression and
pumping process is shown in Figure 14.

CP2 – Compression and pumping with subcritical liquefaction. This
option uses six compression stages to bring CO2 to subcritical pressure of
60 bar. This is the minimum pressure required for liquefaction at 20◦C with
water at ambient condition. After liquefaction under these conditions, the
liquid CO2 is pumped to the final pressure (Fig. 16).

Authenticated | 89.72.181.236
Download Date | 11/18/12 6:58 PM



354 ANDRZEJ WITKOWSKI, MIROSŁAW MAJKUT

CP3 – Compression and refrigeration pumping (Fig. 15). An absorp-
tion refrigeration cycle is introduced in this option in order to evaluate the
potential of liquefying CO2 at a pressure below the minimum of 60 bar eval-
uated in solution CP2. A low CO2 liquefaction pressure is desirable in the
compression chain in order to maximize the contribution of the less energy-
intensive pump to overall pressure. Based on the previous studies [4], [16],
a liquefaction pressure of 17.59 bar was selected corresponding to -25◦C or
-30◦C. The combination of ammonia as working fluid and water as solvent
is commonly used for this temperature range. The final temperature of CO2
directly after pumping is very low at -17.16◦ or -22.46◦C (Fig. 16).

Fig. 13. Schematic illustration of compression and pumping

Fig. 14. Thermodynamic path of compression and pumping with supercritical liquefaction

6. Summary of compression options

Table 2 summarizes the compression options considered in the analysis
and the power requirement for each thermodynamic process. As the results
show, the amount of power required by each compression option varies signif-
icantly according to the thermodynamic option. Option C1, the conventional
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Fig. 15. Schematic illustration of compression and pumping refrigeration cycle

Fig. 16. Thermodynamic path of CO2 compression and pumping strategies studied. Option CP2 –
compression and pumping with supercritical liquefaction. Option CP3 – Compression and

refrigeration pumping

compression technology, requires total power of 57.787 MW. Option C2
with most intensive cooling provides small compressor power savings above
the baseline case (7.5%). Option C3 (Table 2) shows that integrally geared
centrifugal compressors with intercoolers between each stage result in sig-
nificant power savings above baseline case C1. The thermodynamic analysis
indicates a 21% reduction in compressor power compared to the conventional
process. The latest step of CO2 compression integration into the power plant
is the intercooler heat recovery. Therefore, a certain temperature level must
be reached in the heat exchangers to generate useful heat by the rejection
of the 7th intercooler in the eighth stage of the integrally geared compressor
(options C4, C6 and C8 in Table 2). This disadvantage of having a higher
compression temperature after the last stage by leaving the ideal process of
isothermal compression can be compensated for by the advantage of heat
recovery and power optimization in the plant.
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The benefits of the advanced shock wave compression technology when
applied to high mole weight gas such as CO2 are: competitive efficiencies,
very high pressure ratio, reduction in weight and reduction in the capital
cost when compared with comparable traditional equipment. An additional
benefit of the two stage compressor is that the heat of compression discharge
temperature is sufficiently high to be useful in the surrounding processes
(Table 3). A comparison of energy balance of integrally geared and shock
wave compressors are shown in Table 4. The greatest challenge of shock
wave compression technology is that significantly higher compression heat
can be returned to the overall process in this case.

Table 2.
Comparison of compression technology options

Option
Compression
technology Process definition

Power
requirements

Ns [kW]

% difference
from option

C1

C1

Conventional
centrifugal
16 stage four
section compressor

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C,

interstage suction temp. ts = 38◦C
ηp = 85÷70%

57 787.4 0.0%

C2

Conventional
centrifugal
16 stage six
section compressor

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 38◦C
polytropic efficiency

ηp = 85÷70%

53 443.8 − 7.5%

C3

Eight stage
centrifugal geared
compressor with
7 intercoolers

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 20◦C
polytropic efficiency

ηp = 84÷70%

44 152.5 − 21.2%

C4

Eight stage
centrifugal geared
compressor with
rejection of the
7th intercooler

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 20◦C

ηp = 84÷70%
48 689.3 − 13.1%

Heat recoverable to 90◦C 11 132.2 − 35.0%

C5

Eight stage
centrifugal geared
compressor with
7 intercoolers

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 20◦C

ηp = 84÷56%
47 560.5 − 15.2%

C6

Eight stage
centrifugal geared
compressor with
rejection of the
7th intercooler

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 20◦C

ηp = 84÷56%
53 751.0 − 4,1%

Heat recoverable to 90◦C 14 349.5 − 28,9%

C7

Eight stage
centrifugal geared
compressor with
7 intercoolers

P1 = 1.515 bar, P2 = 153 bar
t1 = 28◦C, ts = 38◦C

ηp = 84÷70%
48 555.1 − 13,4%

C8

Eight stage
centrifugal geared
compressor with
rejection of the
7th intercooler

P1 = 1,515 bar, P2 = 153 bar
t1 = 28◦C, ts = 38◦C

ηp = 84÷70%
52 919.3 5,6%

Heat recoverable to 90◦C 17 664.1 − 36,2%
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Table 3.
Options CS1 and CS2

Option
Compression
technology Process definition

Power
requirements

[kW]

Heat
recoverable

to 90◦C [kW]

CS1
Two stage
shock wave
compression

P1 = 1.528 bar, P2 = 153 bar
t1 = 28◦C, ts = 20◦C

ηp = 86÷80%
t2/2 = 246.5◦C

57 500.5 58 520.5

CS2
Two stage
shock wave
compression

as above
ts = 38◦C

ηp = 86÷80%
t2/2 = 285.0◦C

62 016.5 65 619.8

Table 4.
Comparison of energy balance of integrally geared compressors and shock wave compressors

Integrally geared
eight stage
compressor
ts = 20◦C

Integrally geared
eight stage
compressor
ts = 38◦C

Shock wave
compressor
ts = 20◦C

Shock wave
compressor
ts = 38◦C

Option C4 Option C8 Option CS1 Option CS2
Total

inner output
NΣi [kW]

48 689.3 52 919.3 57 500.5 62 016.5

Total
heat of

compression
QΣt [kW]

93 092.2 73 246.4 77 785.0 84 884.6

Total heat
recoverable

to 90◦C
Qr90◦C [kW]

11 132.2 17 664.1 58 520.6 65 519.8

Next options use centrifugal compression followed by liquefaction and
pumping (options CP1-CP3, Table 5). The results for the cases CP1 and
CP2 show that the power requirement can be reduced by up to 14.6% at
the compressor outlet pressure of 80 bar and by up to 20.44% at the sub-
critical pressure of 60 bar. This minimum liquefaction pressure is dictated
by the cooling medium temperature if water at ambient conditions is used.
In order to evaluate the potential of liquefying CO2 at a pressure below the
minimum of 60 bar, CO2 is cooled to a temperature below ambient during
liquefaction at cryogenic pressure. As it can be seen in Fig. 16, the stream of
CO2 is brought to liquefaction pressure 17.45 bar through four compression
sections intercooled to 38◦C with water. Liquefaction is than carried out at
-25◦C or better at -30◦C with the refrigeration cycle, after which CO2 is
pumped to the final pressure. The combination of ammonia as working fluid
and water as solvent is commonly used for this temperature range [4]. The
final temperature of CO2 directly after pumping is very low at -22.50C. The
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Table 5.
Summary of compression and pumping power reduction

Option
Compression
technology

Process
definition

Power
requirements

[kW]

% difference
from option

C1

CP1

Six stage
integrally geared
compressor with
five interstage
coolers

P1 = 1.515 bar, P2 = 80 bar
t1 = 28◦C, ts = 38◦C
polytropic efficiency:
ηp = 0,84÷0,72
πst = 1,937

Nc = 46 750.0

Pumping with
supercritical
liquefaction

P1 = 80 bar t1 = 31◦C
ηp = 0,8

Np = 2 582.9
Nc + Np = 49 332.9 − 14.6%

CP2

Six stage
integrally geared
compressor with
five interstage
coolers

P1 = 1.515 bar, P2 = 60 bar
t1 = 28◦C, ts = 38◦C
polytropic efficiency:
ηp = 0,84÷0,73
πst = 1,846

Nc = 43 718.2

Pumping with
subcritical
liquefaction

P1 = 60 bar t1 = 20◦C
ηp = 0,8

Np = 2 257.6
Nc + Np = 45 975.8 − 20,4%

CP3

Four stage
integrally geared
compressor with
three interstage
coolers

P1 = 1.515 bar, P2 = 17.59 bar
t1 = 28◦C, ts = 38◦C
ηp = 0,84÷0,756
πst = 1.846

Nc = 28 910

Refrigerated
pumping

P1 = 17.59 bar, P2 = 153 bar
t1 = – 25◦C

ρ2 = 1 015.89 kg/m3

Np = 2392.7
NT = Nc + Np
NT = 31 302.7

− 45.8%

combination of the integrated gear compression with the liquefaction process
resulted in the greatest energy savings at a 45.8% reduction in compression
power compared to the conventional process. However, the liquefaction of
carbon dioxide requires large amounts of refrigeration energy. A detailed
analysis of the refrigeration cycle is not considered in this text.

7. Conclusions

• 13 different feasible strategies for compressing CO2 in a coal-fired power
plant with post-combustion CO2 capture were studied. Their performance
was quantified and compared with that of a conventional compression
solution.

• This study emphasizes that total compression power is a strong function of
the thermodynamic process and is not only determined by the compressor
efficiency.

• The results of this study show that compression power savings of al-
most 21% compared to the conventional process using integrally geared
compressors can be obtained.
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• If successful [12], the two stage shock wave technology with a high
efficiency and a high pressure ratio compression is expected to reduce
the capital cost of CO2 compression equipment by as much as 50%, and
reduce the operating costs of the carbon dioxide capture and sequestration
system by at least 15 percent. An additional benefit is that the stage
discharge temperature ranges from 246◦C to 285◦C, depending on the
inlet gas and cooling water temperatures.

• The power required for compression could be reduced if CO2 was first
compressed to an intermediate pressure, then cooled and liquefied, and
if that liquid was then pumped to the higher pressure level required for
pipeline injection.

• The compression power saving of almost 20.4% can be achieved if CO2
is liquefied during the compression process up to subcritical pressure of
60 bar and then pumped to the final pressure.

• By introducing a refrigeration cycle for the liquefaction process, CO2
can produce as much as a 45.8% reduction in the compression power
compared to the conventional process. However, the compression power
reduction is offset by the power loss in the steam turbine as a result of
steam extraction required to drive the refrigeration cycle.

• Liquefaction and pumping equipment will entail additional capital ex-
penses, but some of them will be offset by the lower cost of pumps
compared to high-pressure compressors.

• Compression heat is a critical source of energy loss which must be inte-
grated into the capture process or the steam cycle of the power plant.

The results presented in this paper were obtained from research work co-
financed by the Polish National Centre for Research and Development within
the framework of Contract SP/E/1/67484/10 – Strategic Research Programme
– Advanced Technologies for Obtaining Energy. Task 1: Development of
Technologies for Highly Efficient Zero-Emission Coal-Fired Power Units In-
tegrated with CO2 Capture.

Manuscript received by Editorial Board, April 17, 2012;
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Wpływ procesu sprężania na moc sprężarek do dwutlenku węgla wychwyconego ze spalin
bloku energetycznego na pył węglowy

S t r e s z c z e n i e

Celem niniejszej pracy jest analiza różnych procesów sprężania CO2 wychwyconego ze
spalin bloku energetycznego o mocy 900 MW na pył węglowy. Przedstawiono szereg różnych
procesów sprężania i określono zużycie energii każdego z nich. Szczegółowa analiza termody-
namiczna umożliwiła określenie sposobów zminimalizowania kosztów energii poprzez dobór naj-
sprawniejszego procesu sprężania oraz wykorzystanie ciepła sprężania w obiegu cieplnym siłowni.
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