


Table 1
Basic parameters of the power plant.

Parameter Unit Value

Electric power – gross MW 900
net power MW 832.56
Electricity generation efficiency (gross) % 49.06
Electricity generation efficiency (net) % 45.38
CO2 mass flow in flue gases kg/s 176.43
CO2 capture degree % � 89

Nomenclature

k heat exchange coefficient (W/(m2 K))
L distance along pipeline (m)
_m transport flow rate (kg/s)

Nc compression power (kW)
Nci compression input power (kW)
Np pumping power (kW)
Ns shaft power (kW)
P CO2 pressure (bar)
Q heat of compression (kW)
Qr90� total heat recoverable to 90 �C (kW)
r1 internal radius of pipe (m)
r2 external radius of pipe (m)
rz external wall radius of the thermal insulation layer (m)
tamb ambient temperature (�C)
ti CO2 temperature on the pipeline inlet (�C)
tin intercooling CO2 temperature (�C)
z distance between the ground surface and the pipe cen-

tre (m)

Greek symbols
aag convection heat transfer coefficient between air and the

ground surface (W/(m2 K))
g efficiency
kpw heat conductivity of the pipe wall (W/m2)
ksoil heat conductivity of the soil (W/m2)
kti heat conductivity of the thermal insulation (W/m2)
P pressure ratio
q CO2 density (kg/m3)

Subscripts
1, 2, 3 stations in the compressor stage
amb ambient conditions
p polytrophic process, pump
s shaft
st stage
t total
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expensive because the overall pressure ratio is very high (100:1)
and, in part, because they require a stainless steel construction to
accommodate CO2 in the presence of water vapour. By far the most
significant impact on cost is the aerodynamic design practice that
limits the design pressure ratio per stage for heavier gases such as
CO2. Thanks to it, CO2 compressors are responsible for a large por-
tion 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 8–
12% of the plant rating [11,12], depending on operating conditions,
and it cannot be fully optimized without considering the signifi-
cant amount of heat compression. To optimize heat integra-
tion [12,13], compression systems must be integrated with both
the power unit and the CO2 capture installations. In view of the fact
that the selection and design of an efficient CO2 compression tech-
nology is dependent on the applied carbon separation method [1],
the present work is motivated by the need to gain a better under-
standing of the possibilities and limitations of the CO2 compression
process for post-combustion CO2 capture applications. This paper
contains a technical overview of seven types of compression tech-
nologies, all of which are applicable to CO2 applications. In the last
decade the understanding of CCS technologies has improved
greatly [7–9,14,15]. However, there are still no quantitative con-
clusions concerning CO2 properties in transport under variable
ambient temperatures or the influence of thermal insulation ob-
tained from the calculation of the heat exchange along the pipeline
between the CO2 in the pipe and the surroundings. The simulations
made in this work determine the maximum safe distances of the
pipeline to subsequent booster stations as a function of ambient
temperature and thickness of the thermal insulation layer. The
most important question is whether the thermal insulation layer
on the external surfaces of the pipeline is necessary in the Polish
climate to extend the maximum safe transport distance. There
are also still significant gaps in the knowledge of integrated com-
pression and transport processes taking safety issues into consider-
ation. Many studies of carbon capture processes have been
undertaken but few of them refer to compression and transport
models to determine an integrated CCS process. Therefore, this pa-
per focuses on compression as well as transportation processes
with particular stress on the safety risk related to the transport
of CO2.
2. Thermodynamic evaluation of CO2 compression strategies

2.1. Boundary conditions

Specifically, this study aims at a clear characterization of the
CO2 compression process for basic technological concepts of a cap-
ture-ready 900 MW hard coal-fired power plant described in [5].
The basic parameters of such a plant are listed in the Table 1.

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 = 28 �C,
p1 = 1.51 bar). The compressor power was calculated for the fol-
lowing remaining conditions: discharge pressure 153 bar, CO2

mass flow rate 156.4 kg/s, cooling water temperature 19 �C, inter-
stage cooling gas temperature, realistic 38 �C, pressure loss in the
coolers 1–3% (Dpmax < 0.344 bar). These thermodynamic properties
were used throughout the thermodynamic analysis to compare
alternative options to the power required for the conventional
compression process.
2.2. Thermodynamic analysis

The process simulation Aspen Plus software package [16] was
used to predict thermodynamic properties of the CO2 stream at re-
quired conditions and quantify the performance of each compres-
sion chain option accordingly. Within the Aspen 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 tempera-
ture for the process compressor were used. The results for carbon
dioxide [17] are as follows: BWRS best agreement for pmax < 50 bar


















