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Energy Technologies Institute (ETI) 

Public-private partnership between 
global industries and the UK Government 
set up with the objectives of 
 ensuring clean, secure and affordable energy 

supplies are available to power everyday living 

and business 

  reducing greenhouse gas emissions to tackle 

the effects of climate change 
 
The ETI makes targeted investments in 
key technologies that will help the UK 
meet its legally binding 2050 targets 

Corporate 

Public institutions 

ETI members 

http://www.innovateuk.org/
http://www.bis.gov.uk/policies/science/science-funding/energy-technologies


gPROMS modelling platform 
technology & expertise 

Management 

System-wide modelling: high-level 
requirements 

CCS System Modelling Tool-kit 
Project 
 Energy Technologies Institute (ETI) 

commissioned £3m ($5m) project  
 E.ON, EDF, Rolls-Royce, 

Petrofac/CO2DeepStore, PSE, E4tech 
 September 2011- Spring 2014 

Create a commercially available 
product 

 built on PSE’s gPROMS platform 

 High-fidelity system-wide CCS modelling 

 Toolbox and ecosystem 



Modelling Toolkit Capabilities 
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Power Plant 

• PF Coal 

 

• CCGT 

 

• IGCC  

 

• Oxyfuel 

CO2 capture 

• Amine scrubbing 

 

• WGS & Selexol  

 

• Cryogenic CO2 
separation 

Compression 

• Multistage 
Compression 

 

• Water Drying 

Transmission 

• Gas Phase 

 

• Dense Phase 

Injection 

• Gas field 

 

• Saline aquifers 



Modelling Toolkit Capabilities 
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Power Plant CO2 capture Compression Transmission Injection 

Steady State Medium High Medium – High High Medium 

Dynamic Low High Low High Low 



Case Study: dynamic analysis 



System overview 

 

 

 

 

 

 

 

 

Offshore dense-phase  

injection; 4 injection wells 

~2km reservoir depth 

(acknowledgement:  

CO2DeepStore) 

220km pipeline 

Dense phase CO2  

Onshore and Offshore 

~800MWe  

Supercritical 

Pulverized coal 

(acknowledgement: E.ON) 

 

4 parallel compression trains 

2 frames per train 

Surge control 

(acknowledgement: 

Rolls-Royce) 

Chemical absorption 

MEA solvent 

90% CO2 capture 

 



 

                                                         

Power 

Load 

5 mins 

5 mins 
75% 

100% 

Time 

1 hour 

5 hours 23.5 hours 

 

                                                         

42.5 hours 

Power 

Load 

5 mins 
75% 

100% 

Time 

5 hours 

Dynamic analysis 

Scheduled changes in power plant load 
Scenario DS1.1 Scenario DS1.2 
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(a) Coal mass flowrate
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(b) Power plant net efficiency
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(c) Governor valve stem position
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(d) LP turbine inlet valve stem position
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(e) Flue gas mass flowrate
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(f) CO2 volume fraction in flue gas

Dynamic analysis - Power plant 

Controller maintains 

steam to reboiler 

>3.5bar 

Steam is 

saturated 

here 

Coal mass flowrate 

Power plant net 

efficiency 

Flue gas  

mass flowrate 

CO2 vol fraction 

LP turbine inlet 

valve stem position 

Governor 

valve stem position 
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(a) CO2 capture rate

3 4 5 6 7 8 9 10
1000

1100

1200

1300

1400

1500

1600

Time (hours)

L
e
a
n
 s

o
lv

e
n
t 

fl
o
w

ra
te

 (
k
g
/s

)

3 4 5 6 7 8 9 10
400

500

600

700

800

N
e
t 

P
o
w

e
r 

(M
W

e
)

(b) Lean solvent flowrate to absorber
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(c) Reboiler steam requirement

DS 1.1

DS 1.2
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(a) CO2 product flowrate
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(b) Specific regeneration requirement
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(c) Solvent specific demand

DS 1.1

DS 1.2

Dynamic analysis - CO2 capture plant 

CO2 capture rate 

Solvent flow rate  

to absorber 

Steam  

to reboiler 

Solvent demand  

(m3 solvent/te CO2) 

Reboiler load (GJ/te CO2) 

CO2 production rate (kg/s) 
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(a) Absorber sump level
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(b) Stripper sump level
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(c) Absorber liquid holudp at 8.5m
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(d) Buffer tank level

Dynamic analysis - CO2 capture plant 

Absorber sump level 

Stripper sump level 

Liquid vol. fraction 

at absorber mid-point 

Solvent buffer tank level (%) 
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)(b) Power plant net efficiency vs reboiler steam demand
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(a) Flue gas mass flowrate

Dynamic analysis 

Power/CO2 capture two-way coupling 

Flue gas flowrate 

Power plant net efficiency 

vs. reboiler steam demand 



Dynamic analysis 

CO2 compression plant 
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(a) Electric drive 1 power requirement

DS 1.1

DS 1.2
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(b) Electric drive 2 power requirement
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(c) Dehydrator inlet pressure 
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(d) Compressor discharge pressure 
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(a) Compressor section 1 surge margin
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(b) Compressor section 2 surge margin
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(c) Compressor section 3 surge margin
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(d) Compressor section 4 surge margin
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(e) Compressor section 5 surge margin
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(f) Compressor section 6 surge margin

Surge margins 

Drive #1, Section #1 

Drive #1, Section #3 

Drive #1, Section #2 

Drive #2, Section #1 

Drive #2, Section #2 

Drive #2, Section #3 

Compressor surge control 
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(a) Pipeline inlet pressure
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(b) Pipeline outlet pressure
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(c) Pipeline pressure difference
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(d) Pipeline inlet mass flowrate
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(e) Pipeline outlet mass flowrate

DS 1.1

DS 1.2

Dynamic analysis 

CO2 transmission pipelines 
 Buffer potential for flexible 

operation 

5 10 15 20 25 30 35 40 45 50
100

110

120

130

140

150

160

Time (hours)

M
a
s
s
 f

lo
w

ra
te

 (
k
g
/s

)

 

 

Pipeline inlet

At landfall valve

At 100km

Pipeline outlet
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(a) Injection subsystem inlet pressure
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(b) Injection subsystem outlet pressure
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(c) Injection subsystem pressure difference
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(d) Injection subsystem inlet mass flowrate

0 5 10 15 20 25 30
100

110

120

130

140

150

Time (hours)

M
a
s
s
 f

lo
w

ra
te

 (
k
g
/s

)

 

 

0 5 10 15 20 25 30
400

500

600

700

800

N
e
t 

P
o
w

e
r 

(M
W

e
)

(e) Mass flowrate of injected CO2

DS 1.1

DS 1.2

Dynamic analysis 

CO2 injection & storage 



Summary 

 Dynamic modelling of CCS chains is a key tool in understanding the impacts 

of flexible operation on the CCS chain 

 

 This will allow us to develop safe operating controls and procedures and 

optimise performance 

 

 Dynamic modelling can identify potential opportunities CCS could provide in 

terms of increasing power plant flexibility e.g. buffer storage, intermittent 

capture. 
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