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Abstract 14 

As part of the operation of the carbon capture and storage process, there are clear practical 15 

and economic incentives in employing an integrated pipeline network system involving the 16 

capture of CO2 from multiple emission sources such as power plants or steel works followed 17 

by injection into a single storage site. This paper presents the development and testing of 18 

multi-source flow model for predicting the entire flow conditions such as pressure, 19 

temperature, fluid phase and CO2 composition throughout the pipeline network and the 20 

delivery to the storage site. The model also accounts for pipeline elevation and periodic 21 

variations in feed source flow rate, for example as a result of the ramping up or ramping 22 

down of power production from coal fired power stations connected to the pipeline network.  23 

The ability to produce the above information is of vital importance given the large impact of 24 

the stream impurities on the CO2 phase behaviour and their physiochemical interactions with 25 

the pipeline material of construction, compressor power requirements and the storage 26 

reservoir performance.  27 
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1. Introduction 32 

The internationally agreed objective of limiting the increase in global average temperatures to 33 

less than 2 °C above pre-industrial levels requires a 50–80% reduction in CO2 emissions by 34 

2050 (Edenhofer et al., 2011). Alongside renewable energy sources CO2 Capture and Storage 35 

(CCS) is widely considered as a key technology for meeting this target, potentially reducing 36 

the cost of inaction by some $2 trillion over the next 40 years (IEA, 2012). 37 

 38 

It is estimated (Element Energy, 2010, IEA, 2010) that transporting the predicted 2.3–9.2 Gt 39 

of captured CO2 to its point of storage will require the use of a global network of between 40 

95,000 and 550,000 km of pipeline by 2050.  41 

 42 

It is generally accepted that the use of integrated pipeline transportation networks likely 43 

represents the most practical and economical means of transporting the captured CO2 44 

(Knoope et al., 2014, Lazic et al., 2013, Wetenhall et al., 2014) from various emission 45 

sources such as power plants and cement manufacturing industries for sequestration as 46 

compared to individual pipelines, through lower capital costs and reducing permitting issues 47 

(Knoope et al., 2014). 48 

 49 

The application of different types of CO2 capture technologies (pre-, post- and oxy-50 

combustion) to different CO2 sources (coal-, gas-power as well as industry) has the potential 51 

to lead to varying qualities of CO2 stream being injected into the transport network. This 52 

represents a practical dilemma given the established impact of the various impurities on many 53 

aspects of the CCS performance.   54 

 55 

For example, impurities have a marked impact on the CO2 phase behaviour (Oosterkamp and 56 

Ramsen, 2008). In the context of the pipeline transportation, this is important as it is 57 

necessary to avoid phase change due to the significant operability problems associated with 58 

two-phase flow.  59 

 60 

The physiochemical interactions of the impurities with the pipeline material of construction 61 

impact pipeline’s propensity to ductile (Mahgerefteh et al., 2012) and brittle fracture failures 62 

(Bilio et al., 2009) as well as resistance to corrosion (Ruhl and Kranzmann, 2013). Impurities 63 

may also impact the storage performance through reduced storage capacity and injectivity 64 



(IEAGHG, 2011) through chemical interactions with the porous structure or, in the case of 65 

non-condensable impurities (O2, N2, etc.), raise the Minimum Miscible Pressure (MMP) in 66 

the reservoir. The latter requires a higher pressure which introduces the risk of damaging the 67 

integrity of the caprock. 68 

 69 

All this means imposing restrictions on the levels and types of contaminant that may be 70 

tolerated both within the pipeline network and injection into the storage site, including the 71 

pipeline delivery pressure, temperature and flow rate. 72 

 73 

An ability to accurately model the flow within a pipeline network, in particular the pressure 74 

drop, fluid phase and precise stream composition including the mixing of the various source 75 

streams and the delivery conditions is therefore essential. 76 

 77 

Current work, however, has either assumed that the stream is pure CO2 (Knoope et al., 2013, 78 

Knoope et al., 2014) or that the stream contains impurities but that the composition fed from 79 

each sources is the same (Wetenhall et al., 2014). Both of these assumptions, as described 80 

above, are likely to underestimate the amount of compression that is required in the network 81 

as whole and hence are incapable of predicting the delivery conditions and composition 82 

accurately.  83 

 84 

Furthermore, the amount of CO2 produced from each source will change over time depending 85 

on the economics of its production (Domenichini et al., 2013, Mac Dowell and Shah, 2013, 86 

Mac Dowell and Shah, 2014). Transition between these different source conditions will alter 87 

the flow behaviour, i.e. pressure drop in the system and result in a variation in the 88 

composition of the delivered CO2 stream. 89 

 90 

The objective of this study is to present a model which describes the steady state flow in a 91 

network of CO2 transportation pipelines containing various sources of CO2 and, importantly, 92 

which accounts for the presence of differing contaminants and their levels in the incoming 93 

streams and hence accurately predicts the final delivery composition and fluid conditions. 94 

 95 

This paper is organised as follows. The steady state multicomponent flow model, along with 96 

the pertaining assumptions, and its extension to pipeline branches are presented. In the 97 

absence of experimental data for validation of the model, a hypothetical, but realistic, multi-98 



source CCS pipeline network in the UK is introduced as a case study. This is then followed 99 

by the application of the model to the system under investigation and a discussion of the 100 

results obtained along with conclusions drawn. 101 

2. STEADY-STATE FLOW MODEL 102 

2.1.  Pipeline network model 103 

Transportation of compressible fluid such as CO2 in a long pipeline may result in significant 104 

changes to the pressure and temperature of the fluid along the pipe length due to the effects of 105 

frictional pressure drop, expansion work by the fluid and heat exchange with the pipeline 106 

surroundings. To accurately model these effects, the following mathematical model of non-107 

adiabatic steady-state flow, based on the mass, momentum and energy conservation equations 108 

is applied: 109 

 (1) 110 

 (2) 111 

 (3) 112 

where , ,  and  are the local coordinate along the pipeline, the pipeline diameter,  113 

the density and enthalpy of the fluid respectively. u, P, f,  and θ on the other hand 114 

respectively represent the velocity of the flow, the fluid pressure, the Darcy friction factor, 115 

the heat flux at the pipe wall and the angle of inclination of the pipeline with the horizontal 116 

axis. 117 

In addition to equations (1–3) conservation equations are applied for each component, i, of an 118 

n component mixture: 119 

 (4) 120 

It is assumed that the fluid is a homogeneous mixture of all components, i.e. it is well-mixed.  121 

For turbulent flow in a straight pipe, the Darcy friction factor can be calculated as a function 122 

of Reynolds number and relative roughness of the pipe wall using the Colebrook–White 123 

equation (Coulson and Richardson, 1999): 124 

x D ρ h

wq



 125 

 (5) 126 

 127 

where,  is the wall roughness and  is the flow Reynolds number and  is 128 

the dynamic viscosity of the fluid. 129 

 130 

The heat flux, qw at the pipe wall is defined via the heat transfer equation: 131 

 132 

 (6) 133 

where the  and  are respectively the temperatures of the medium surrounding the pipe 134 

and the fluid inside the pipe.  is the overall heat transfer coefficient.  135 

 136 

 137 

Figure 1: Cross-section of a buried and insulated pipeline  138 

Figure 1 shows the cross-section of a buried pipeline. Here Do, δins and dsoil are respectively 139 

the external diameter, thickness of insulation and radius depth of the pipeline from the ground 140 

surface. In case of a buried and insulated pipeline as represented in Figure 1, the overall heat 141 

transfer coefficient is defined as: 142 

 143 
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 (7) 144 

where λw, λins and λsoil are the thermal conductivities of the pipewall, insulation and soil 145 

respectively.  and  on the other hand are respectively the heat transfer coefficients on 146 

both the internal and external sides of the pipe wall. Both values are calculated using standard 147 

correlations for forced and natural convection heat transfer (Mahgerefteh et al., 2007). 148 

2.2.  Pipeline network model 149 

The application of the flow model described above to networks requires a methodology for 150 

predicting the flow conditions at junctions. At such junctions differing streams from several 151 

pipe segments may merge together into one pipe for further transportation. Figure 2 shows a 152 

schematic representation of the simplest case of these, the Y-junction. 153 

 154 

Figure 2: Y-junction connecting three pipe segments of a pipeline network. Flows from 155 

Pipe 1 and Pipe 2 are merged into Pipe 3. 156 

 157 

For the case of a Y-junction, pressure, energy and momentum losses are assumed negligible, 158 

the first of these is justified as these losses are likely to be at least two orders of magnitude 159 

smaller than the pressure drop along the pipe sections. The mass, momentum and energy 160 

balances can be respectively written as: 161 

 162 

 (8) 163 

  (9) 164 

 (10) 165 
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 (11) 166 

The above equations can be generalised to describe conditions at a junction of  pipes: 167 

 (12) 168 

 (13) 169 

 (14) 170 

 (15) 171 

where the symbols have the same meaning as previously described. 172 

2.3. Numerical Solution Method 173 

The solution of the flow within the pipeline network given the inlet flowrates and 174 

temperatures at each source proceeds as follows: 175 

1. First the feed pressures at the sources of the network are guessed.  176 

 177 

2. The steady-state flow is calculated in each individual segment sequentially along the 178 

network, using the set of mass, momentum and energy conservation equations (1-4), 179 

which are solved with an implicit Euler method using a constant step length along 180 

each segment. Prior to this the balance equations at the segment inlet (equations 12, 181 

13 and 15) are solved and for junctions the inlet pressure is assumed to be , i.e. the 182 

pressure at the end of one of the pipes entering the junction. In this manner the inlet 183 

flowrate, composition and temperature conditions are provided. 184 

 185 

3. The pressures at the sources of the network are iterated until equation (13)  is satisfied 186 

at each junction in addition to the pressure at the delivery point being that specified, 187 

for this purpose we use the differential-algebraic solver DASSL (Petzold, 1982). 188 

 189 

k



The pertinent thermodynamic properties for the mixtures at the various temperatures and 190 

pressures are determined using the volume adjusted Peng-Robinson (MPR) EoS (Péneloux 191 

et al., 1982) where, to account for the behaviour of the relevant mixtures, the mixing rule of 192 

Nishiumi et al. (Nishiumi et al., 1988) is applied. As part of these calculations the position of 193 

the thermodynamic state relative to the phase envelope in order to determine the fluid phase. 194 

The transport properties are calculated as a function of fluid density, temperature and 195 

composition using the NIST Thermophysical database (Lemmon et al., 2007). 196 

 197 

The following describes the application of the flow model described above to a hypothetical 198 

pipeline network being considered in the UK involving the capture and the transportation of 199 

CO2 with different impurities from various sources to a point sink. The results describe the 200 

impact of varying pipeline inlet compositions from two sources on the predicted inlet 201 

pressure and exit temperature for a desired delivery pressure. Furthermore, the impact of 202 

varying the inlet feed flowrate on the required inlet pressures will also be analysed.   203 

 204 

3. RESULTS AND DISCUSSION 205 

 206 

It is important to note that if CCS technology becomes widely deployed, the efficiencies 207 

offered by CO2 capture and transport networks make their use more likely, as distinct from a 208 

number of single source-to-sink connections (Mac Dowell et al., 2011, Alhajaj et al., 2013). 209 

Moreover, owing to increasing penetration of intermittent renewable electricity generation 210 

into our energy landscape, the in-feed of CO2 into these networks is likely to be characterised 211 

by transience, exacerbated by the operation of the capture plants to maximise profitability 212 

(Mac Dowell and Shah, 2013, Mac Dowell and Shah, 2015). The need to understand how 213 

these networks will behave under realistic conditions is a principle motivation of this study, 214 

given that the accurate prediction of the steady state flow is essential prior to any transient 215 

analysis. Figure 3 shows a detailed schematic of the CO2 pipeline network being considered 216 

in this case study. The pipe segments are consecutively numbered from 1 to 7 beginning at 217 

the storage site. The network connects Cottam and West Burton coal power stations in North 218 

Yorkshire to Drax power station via Scunthrope steel works. The Drax power station is 219 

connected to the main trunk pipeline via a 0.5 km long tie-in line. From this point the CO2 220 

mixture is transported to its point of sequestration, Morcambe South in the East Irish Sea via 221 

Hornsea and Carnforth.   222 



 223 

For the sake of simplicity, only feeds from Cottam and Drax power stations producing 224 

respective CO2 flowrates of 4.847 and 20.153 Mt y-1 are considered in this study. No 225 

contribution from the remaining sources is assumed.   226 

 227 

Table 1 shows the pipe segment overall dimensions including the average elevations. Table 2 228 

presents the assumed values of the various parameters required for the calculation of the heat 229 

transfer coefficient using equation (12). The pipe is assumed to be made of carbon steel with 230 

a thermal conductivity and roughness of 40 W/(mK) and 0.05 mm respectively. A total of 231 

100 equally spaced steps were used for the implicit Euler method along each section, which 232 

was found to provide sufficiently accurate results. 233 

 234 

 235 

 Pipeline length 

(km) 

Pipeline Internal 

Diameter (m) 

Pipeline inclination 

(°) 
Thickness (mm) 

Pipe 1 15.266 1.143 0.086 20 

Pipe 2 84.668 1.143 0.007 20 

Pipe 3 35.640 1.143 0.055 20 

Pipe 4 0.5 1.143 0 20 

Pipe 5 45.770 1.143 0.006 20 

Pipe 6 26.490 1.143 0.017 20 

Pipe 7 7.235 0.889 0.929 20 

Table 1: Pipeline characteristics used for the case study 236 

 237 

Property Value 

wλ (W m-1 K-1) 
40 

oα (W m-2 K-1) 
5 

dsoil (m) 1.2 

δins (m) 0.05 

λsoil (W m-1 K-1) 1.21 

λins (W m-1 K-1) 0.058 

Tamb (K)
 

288 

Table 2: Thermal properties of insulation, soil and pipe wall (for equation 12) 238 

(Witkowski et al., 2013, Perry and Green, 1997) 239 



 240 

 241 

Figure 3:  Schematic representation of the pipeline network simulated  242 

 243 

In this study, four scenarios are assumed: 244 

 245 

1. both Cottam and Drax use a Post-combustion capture technology (representing the 246 

least number impurities for a commercial stream); 247 

2. both Cottam and Drax use an Oxyfuel capture technology (most impurities for a 248 

commercial stream); 249 

3. Drax uses an Oxyfuel capture technology and Cottam a Post-combustion;  250 

4. Cottam uses Oxyfuel capture technology and Drax a Post-combustion capture 251 

technology 252 

 253 

Table 3 presents the representative feed mass flow rates and compositions at Cottam and 254 

Drax power stations for each of the 4 scenarios outlined above. The purpose of this 255 

investigation is to use the steady state pipeline network model developed above to predict, for 256 

a given feed temperature of 300 K at Cottam and Drax power stations, the corresponding 257 

required feed inlet pressures to ensure the final delivery pressure of 90 bara at the sink point, 258 

Morcambe South for each of the 4 scenarios.  259 

 260 

For all scenarios considered, the delivered CO2 mixture composition at the sink point is also 261 

determined. Such information is especially useful, given the established impact of CO2 262 

impurities on the type of pipeline steel employed in terms of resistance to propagating 263 
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factures (Mahgerefteh et al., 2012) and corrosion (Thomas, 2005) as well as storage 264 

performance in terms of injectivity and capacity (IEAGHG, 2011, Ziabakhsh-Ganji and Kooi, 265 

2014). Finally, the corresponding fluid pressures and temperature profiles along the main 266 

trunk pipeline are also presented for each of the four scenarios simulated.     267 

 268 

Table 4 presents the predicted feed pressures required from Cottam and Drax power stations 269 

and delivery temperatures at Morcambe South for each of the four scenarios under 270 

consideration. Also shown is the composition of the delivered CO2 stream at Morcambe 271 

South. These predictions were made after solving the steady-state flow model equations (1-6) 272 

with the appropriate boundary conditions (equations 10-12).  273 

 274 

 Scenario 1 

(Post-

combustion) 

Scenario 2 

(Oxyfuel) 

Scenario 3 

(Drax: Oxyfuel; 

Cottam: Post 

combustion) 

Scenario 4 

(Drax: Post 

combustion 

Cottam: Oxyfuel) 

Drax flowrate (Mt y-1) 20.153 20.153 20.153 20.153 

Cottam flowrate (Mt y-1) 4.847 4.847 4.847 4.847 

Drax composition 

(vol/vol) 

CO2 – 0.998 

N2 – 0.002 

 

CO2 – 0.881 

H2O – 0.002 

Ar – 0.057 

N2 – 0.037 

O2 – 0.023 

CO2 – 0.881 

H2O – 0.002 

Ar – 0.057 

N2 – 0.037 

O2 – 0.023 

CO2 – 0.998 

N2 – 0.002 

Cottam composition 

(vol/vol) 

CO2 – 0.998 

N2 – 0.002 

 

CO2 – 0.881 

H2O – 0.002 

Ar – 0.057 

N2 – 0.037 

O2 – 0.023 

CO2 – 0.998 

N2 – 0.002 

CO2 – 0.881 

H2O – 0.002 

Ar – 0.057 

N2 – 0.037 

O2 – 0.023 

 275 

Table 3: Feed flowrates and compositions for scenarios 1-4.  276 

 277 

As may be observed, a greater amount of compression is required at both sources points when 278 

greater amounts of impurities are in the feed stream, in order to meet the required delivery 279 

pressure. However the difference is only of the order of ca. 1 bara between the four cases 280 

considered. Furthermore, the lower the percentage of impurities, the higher the exit 281 

temperature; albeit the differences once again only being marginal (ca. 2 K).  282 



3.1. Pressure and temperature profiles along the network 283 

Figures 4 and 5 show the respective pressure and temperature profiles along the length of the 284 

main trunk pipeline for each of the four scenarios simulated. Referring to Figure 4, the 285 

following observations may be made: 286 

 287 

I. The rate of drop in pressure from the feed to the delivery point is almost linear 288 

throughout; 289 

 290 

II. The additional feed flow from the Drax power station using the tie-line (Pipe 4) into 291 

the main trunk at the intersection between Pipe 5 and Pipe 3 results in an increase in 292 

the downstream rate of pressure drop; 293 

 294 

III. In general, increase in the number of impurities results in an increase in the drop in 295 

pressure along the pipeline. Scenarios 1 and 4 produce almost identical pressure 296 

profiles despite the fact that the feed composition from Cottam power station is very 297 

different in either case (Scenario 1: Post- combustion; Scenario 4; Oxyfuel). This is 298 

due to the much higher feed flowrate from Drax power station (ca. 20 Mt y-1) as 299 

compared to Cottam power station (ca. 4 Mt y-1) thus overshadowing the impact of 300 

the latter; 301 

 302 

IV. As expected, all the pressure profiles converge to the delivery pressure of 90 bara at 303 

the downstream end of Pipe 1.    304 

  305 



 306 

 Scenario 1 

(Post-

combustion)  

Scenario 2 

(Oxyfuel)  

Scenario 3 

(Drax: Oxyfuel 

Cottam: Post-

combustion) 

Scenario 4 

(Drax: Post-

combustion 

Cottam: 

Oxyfuel 

Drax inlet pressure 

(bara) 
105.3 106.8 106.3 105.4 

Cottam inlet 

pressure (bara) 
107.3 108.4 108.3 107.0 

Delivery 

composition at 

Morcambe South  

(vol/vol) 

CO2 – 0.998 

N2 – 0.002 

 

CO2 – 0.881 

H2O – 0.002 

Ar – 0.057 

N2 – 0.037 

O2 – 0.023 

CO2 – 0.904 

H2O – 0.002 

Ar – 0.046 

N2 – 0.030 

O2 – 0.018 

CO2 – 0.976 

H2O – trace 

Ar – 0.011 

N2 – 0.009 

O2 – 0.004 

Delivery 

temperature at 

Morcambe South  

(K) 

297.9 295.2 296.6 297.8 

 307 

Table 4: Predicted required feed pressures and delivery compositions for Scenarios 1-4. 308 

 309 

Turning to Figure 5, the following observations may be made: 310 

 311 

I. Similar to the pressure profiles in Figure 4, the rate of temperature drop from the feed 312 

to the delivery point is almost linear; 313 

 314 

II. At the inlet point of Pipe 3 (ca. 69 km) a rise in the temperature is observed in all 315 

cases. This is due to the incoming warmer feed stream from the Drax power station. 316 

 317 

III. In general, the temperatures are seen to decrease from an initial value of ca. 303 K; 318 

 319 

IV.  The higher the level of impurities, the greater is the drop in temperature. It is also 320 

observed that the rate of temperature drop for Scenario 1 and 4 are similar. The 321 

explanation for this is the same as point 3 for Figure 4. 322 



 323 

Figure 4: Variation of fluid pressure along main trunk line (excluding Pipe 4 in Figure 324 

3). 325 

3.2. Impact of a change in the inlet feed flowrate from a branch line on pipeline network 326 

 327 

In order to investigate the impact of a change in a CO2 source mass flow rate on the overall 328 

behaviour of the network, Scenario 3 (see Table 3) is repeated assuming a 10 % fall (ramp-329 

down) and increase (ramp-up) in the flowrate from the Drax power station. In practice, such 330 

changes in the CO2 flowrate may for example occur due to a drop in electricity demand 331 

during night time operation.  332 

 333 

Table 5 shows the corresponding predicted feed pressures from Drax and Cottam power 334 

stations in order to maintain the delivery pressure of 90 bara at the injection site, Morcambe 335 

South. Also included are the simulated injection compositions and temperatures at the same 336 

location. As it may be observed, a 10% ramping down of the feed flow rate from the Drax 337 

power station will require the feed pressures from Drax and Cottam to drop to 104.6 bara and 338 

106.6 bara respectively. The corresponding pressures as a result of a 10% ramping up of the 339 

flowrate at the Drax power station are 108.2 bara and 110.1 bara respectively. Furthermore, 340 

the CO2 composition at the injection site is only marginally affected due to the changes in 341 

Drax feed flow rate. The average deviation in delivery composition from Scenario 3 is ca. 342 
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1.15 % for the ramp-down case and ca. 1.82 % for the ramp-up case. It is noteworthy that the 343 

purity of CO2 in the ramp-down case at the delivery location is the highest. The exit 344 

temperatures are also observed to decrease with an increase in the flowrate from Drax power 345 

station. 346 

 347 

 348 

Figure 5: Variation of fluid temperature along main trunk line (excluding Pipe 4 in 349 

Figure 3). 350 

 351 

Figure 6 shows the variation of the fluid pressure along the main trunk pipeline for Scenario 352 

3, ramp-up and ramp-down simulations respectively. As it may be observed, in general the 353 

higher the flowrate from Drax power station the greater is the observed pressure drop. It 354 

should also be noted that all pressures are observed to converge at the required delivery 355 

pressure of 90 bara at the downstream end of Pipe 1.  356 

 357 
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 358 

Figure 6: Variation of fluid pressure along main trunk pipeline for a 10 % ramp-up and 359 
ramp-down in the CO2 flowrate from Drax power station for Scenario 3.  360 

3.3. Impact of equation of state on predictions 361 

 362 

In order to establish the influence of the choice of EoS on the predictions of the overall 363 

behaviour of the network, the simulation of Scenario 3 (see Table 6) is repeated with the 364 

GERG-EoS as implemented in REFPROP (Lemmon et al., 2007).  365 

 366 

As may be observed in Table 6, the predictions obtained using the two EoS show almost 367 

identical inlet pressures. The delivery temperatures however are observed to differ slightly. 368 

Figure 7 shows the variation of temperature along the main trunk pipeline, it can clearly be 369 

seen that the change in EoS result in only very minor differences in the profile. 370 

  371 
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 372 

 Scenario 3 Ramp-down Ramp-up 

Drax inlet pressure 

(bara) 

106.3 

(20.153 Mt y-1) 

104.6 

(18.14 Mt y-1) 

108.2 

(22.17 Mt y-1) 

Cottam inlet 

pressure (bara) 

108.3 

(4.84 Mt y-1) 

106.6 

(4.84 Mt y-1) 

110.1 

(4.84 Mt y-1) 

Delivery 

composition at 

Morcambe South  

(vol/vol) 

CO2 – 0.904 

H2O – 0.002 

Ar – 0.046 

N2 – 0.030 

O2 – 0.018 

CO2 – 0.906 

H2O – 0.002 

Ar – 0.045 

N2 – 0.029 

O2 – 0.018 

CO2 – 0.902 

H2O – 0.002 

Ar – 0.046 

N2 – 0.031 

O2 – 0.019 

Delivery 

temperature at 

Morcambe South  

(vol/vol) 

296.6 297.0 296.1 

 373 

Table 5: Predicted required feed pressures and delivery compositions for a 10 % ramp 374 

up and ramp down in the Drax power station feed flowrate for Scenario 3. 375 

 376 

 MPR GERG 

Drax inlet pressure (bara) 106.3 106.3 

Cottam inlet pressure (bara) 108.3 108.3 

Delivery temperature at 

Morcambe South  (vol/vol) 
296.6 296.4 

Table 6: Predicted required feed pressures and delivery conditions for Scenario 3 using 377 
the MPR and GERG EoS respectively. 378 

 379 

4. CONCLUSION 380 

 381 

It is increasingly recognised that the success of CCS in reducing global warming relies on the 382 

capturing of CO2 from additional major emission sources such as steel works or cement 383 

manufacturing industries apart from fossil fuel power plants. An integrated pipeline network 384 

capable of capturing CO2 from these various emission sources for injection into the storage 385 

reservoir clearly represents the most practical and economic mode of operation for such a 386 

system.   387 

 388 



Typical data required for the design of such networks are the fluid phase, temperature, 389 

pressure drop, mass flow rate and the CO2 composition at any point along the pipeline 390 

network as well as those delivered to the storage site. Knowledge of the CO2 composition 391 

following the mixing of the various captured streams is especially important given their 392 

established impact on the CO2 phase behaviour and hence the compressor power 393 

requirements, pipeline material propensity to fracture propagation and corrosion. Impurities 394 

also impact the reservoir performance in terms of injectivity and capacity through 395 

geochemical interactions with the porous structure.  396 

 397 

In this paper a rigorous steady state model was applied to a realistic CCS pipeline network 398 

system in the UK, collecting CO2 from several emitters followed by injection into an offshore 399 

reservoir via a main trunk pipeline. The test case examined involved the required feed source 400 

flow rates in order to ensure a fixed delivery pressure of 90 bar at the point of injection into 401 

the storage reservoir.   402 

 403 

While there is currently no measured data available with which to validate the model, the 404 

predictions obtained from it show the expected trends. The results of the case study presented 405 

show that for the network investigated the differing stream compositions had a marginal 406 

impact on the pressure drop. It was also found that pressure drops predicted using the MPR 407 

EoS show negligible differences with those obtained using the reference GERG EoS. 408 



 409 

Figure 7: Variation of fluid temperature along main trunk pipeline predicted using the 410 
MPR and GERG EoS for Scenario 3.  411 
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