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CO2 Sinks and Sources in Europe 
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Regional Implementation

Regional 

Implementation

National R&D 

Support
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Dutch CO2 Roundabout



single hour's emissions from 

New York City: 6,204 one-

metric-ton spheres (one 

sphere is 33 feet across).
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a year's carbon dioxide 

emissions from New York 

City: 54,349,650 one-

metric-ton spheres

http://www.carbonvisuals.com/media/item/308/279/NYC_stills_05_960px.png


Pre-combustion capture: Capturing 

CO2 before combustion 

Post-combustion capture: Capturing 

CO2 after combustion 

Oxyfuel: Burning with pure oxygen, 

separation of CO2 after combustion

Chemical looping: Using oxygen carrier 

particles for combustion

Courtesy of Vattenfall



Challenges Post-combustion Capture

A
b

so
rb

er

R
eg

en
er

at
o

r

Makeup 
water

CO2-lean 
gas

CO2-rich  
gas

Rich
solvent

Bottom
Tray

Top
Tray

Bottom
Tray

Top
Tray

Pump

Pump

Condenser

Reflux
Reflux
drum

Reboiler

Lean
solvent

Liquid

Vapor

Steam

Condensate

Rich
solvent

Le
an

so
lv

en
t

CO2

gas

Sc
ru

b
b

er

advanced 
heat 

integration

reduce heat
consumption

avoid emission 
solvent traces

reduce absorber, 
scrubber investment



• Reduce OPEX

• Reduce CAPEX

• Reduce emissions

Content

Realization



OPEX reduction

Lower energy demands solvent regeneration

Improved flow sheet

Improved integration
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Lower energy demands solvent regeneration
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High throughput screening versus computational 
modelling
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Screening tests based on molecular properties and experience
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Process
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Capture plant: Base Case
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Flue gas

Compressor

Rich solvent 

pump

Lean solvent 

pump

Cooler
Absorber

Lean-rich heat 

exchanger

Cooler

Condenser 

pump

Reboiler

CO2 to 

compression

Stripper

To stack

Reboiler duty Heat Exchangers (HEX) HEX total specific UA 
a
 Cooling duty 

[GJth/ton CO2] [number] [(GJth/K)/ton CO2] [GJth/ton CO2] 

3.54 1 0.62 4.57 

    

Electricity use    

Capture Compression Total Total including reboiler 
b
 

[GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] 

0.09 0.32 0.41 1.29 
a U is the overall heat transfer coefficient; A is the contact area in the heat exchanger. If U is considered constant, UA is proportional to the 

contact area.  
b Assuming 1 GJe = 4 GJth 

 



Split flow
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Lean solvent 

pump

Lean-rich heat 

exchanger

Cooler

Condenser 

pump

Reboiler

CO2 to 

compression

Stripper

Lean solvent 

to absorber

Rich solvent 

from absorber

Reboiler duty Heat Exchangers (HEX) HEX total specific UA 
a
 Cooling duty 

[GJth/ton CO2] [number] [(GJth/K)/ton CO2] [GJth/ton CO2] 

3.40 1 0.95 4.44 

    

Electricity use    

Capture Compression Total Total including reboiler 
b
 

[GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] 

0.09 0.32 0.41 1.26 
a U is the overall heat transfer coefficient; A is the contact area in the heat exchanger. If U is considered constant, UA is proportional to the 

contact area.  
b Assuming 1 GJe = 4 GJth 

 

Split flow: 8wt%



Lean vapour compression (LVC)
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Flue gas

Compressor

Rich solvent 

pump

Lean solvent 

pump

Cooler
Absorber

Lean-rich heat 

exchanger

Flash

tank

Compressor

Cooler

Condenser 

pump

Reboiler

CO2 to 

compression

Stripper

To stack

Reboiler duty Heat Exchangers (HEX) HEX total specific UA 
a
 Cooling duty 

[GJth/ton CO2] [number] [(GJth/K)/ton CO2] [GJth/ton CO2] 

3.07 1 0.53 3.96 

    

Electricity use    

Capture 
b
 Compression Total Total including reboiler 

c
 

[GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] 

0.13 0.32 0.45 1.21 
a U is the overall heat transfer coefficient; A is the contact area in the heat exchanger. If U is considered constant, UA is proportional to the 

contact area.  
b For this case, the electricity use for capture also includes the LVC compressor.  
c Assuming 1 GJe = 4 GJth 

 



Lean vapour compression and split flow
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Flue gas

Compressor

Rich solvent 

pump

Lean solvent 

pump

Cooler

Absorber

Lean-rich heat 

exchanger

Flash

tank

Compressor

Cooler

Condenser 

pump

Reboiler

CO2 to 

compression

Stripper

To stack

Reboiler duty Heat Exchangers (HEX) HEX total specific UA 
a
 Cooling duty 

[GJth/ton CO2] [number] [(GJth/K)/ton CO2] [GJth/ton CO2] 

2.94 1 0.74 4.16 

    

Electricity use    

Capture 
b
 Compression Total Total including reboiler 

c
 

[GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] 

0.13 0.32 0.45 1.18 
a U is the overall heat transfer coefficient; A is the contact area in the heat exchanger. If U is considered constant, UA is proportional to the 

contact area.  
b For this case, the electricity use for capture also includes the LVC compressor.  
c Assuming 1 GJe = 4 GJth 

 

Split flow: 8wt%

Flash pressure: 1.2 



Intermediate heat exchanger - Stripper

21

 

Lean solvent 

pump

Heat 

exchanger

Cooler

Condenser 

pump

CO2 to 

compression

Stripper

Lean solvent 

to absorber

Rich solvent 

from absorber

Reboiler

Heat 

exchanger

Semi-lean 

solvent pump

Reboiler duty Heat Exchangers (HEX) HEX total specific UA 
a
 Cooling duty 

[GJth/ton CO2] [number] [(GJth/K)/ton CO2] [GJth/ton CO2] 

3.18 2 0.66 4.22 

    

Electricity use    

Capture 
b
 Compression Total Total including reboiler 

c
 

[GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] [GJe/ton CO2] 

0.10 0.32 0.41 1.21 
a U is the overall heat transfer coefficient; A is the contact area in the heat exchanger. If U is considered constant, UA is proportional to the 

contact area. The UA is the sum of the two HEX used.  
b For this case, the electricity use for capture also includes the extra semi -lean pump. 
c Assuming 1 GJe = 4 GJth 

 



Overview Capture Plant (2)
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Integration philosophy
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Emission reduction 

Aerosol formation

Mechanical entrainment

Nitrosamine

25



TNO’s pilot 
plant at the 
Maasvlakte

 

Connected to the COAL fired 

powerplant of E.ON

Capacity: 

250 kg CO2//hr

1000 Nm3 /hr flue gas

26



Pilot campaign 2011

Significant emission observed much more than expected based 

on simulation and previous experience

27



Test Equipment

T~50 °C

P~14mbar

F~3900L/h

FG

CPC

FG

CO2

28

Collaboration with Karlsruhe Institute of technology, Laborelec, E.on



Test Equipment

Pump

FTIR
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Effect of soot

Air +12 % CO2 MEA ~40-50 mg/Nm3
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Effect of capture plant parameters
Effect of CO2/ capture rate/temperature bulge (Middle SO3 conc.)
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Nitrosamine

Emission results (gas fired conditions)

 Time of gas  

 sampling by impingers 

Date 

2011-

10-04 

2011-

10-05 

2011-

10-06 

2011-

10-06 

2011-

10-07 

2011-10-

08 

2011-10-

10 

2011-10-

10 

2011-10-

11 

Time Start 10:04 11:27 13:30 19:05 16:52 16:02 12:08 18:04 16:10 

Stopp 13:30 15:12 17:10 21:15 18:46 18:32 16:05 21:05 18:10 

Test number same day 1 1 1 2 1 1 1 2 1 

Average flue gas flow  during impinger sampling 

Nm
3

/h  701 881 884 833 560 880 839 812 857 

 Temperatures 
o

C Flue gas outlet 32 29 29 32 22 27 33 37 25 

SP-BDU 35 31 31 31 31 31 35 35 33 

Before WW 
  

MEA 

 Gas conc. 

  

mg/Nm
3

 dry 

gas 

  

  

  

  

  

407,4 

  

466,0 

  

212,8 

  

337,5 

  

384,5 

  

460,3 

  

336,4 

After WW 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

206,4 

After demister 

  

  

  

  

  

241,0 

  

251,6 

  

111,5 

  

  

  

  

  

  

  

271,6 

In BDU 

Gas conc.  

MEA 86,6 128,8 156,9 173,2 86,1 158,6 145,7 176,7 255,7 

NDELA   

ng/Nm
3

 dry 

gas 

  

  13,5       11,0 28,1 47,0   

NDMA   7,3         9,9 8,3   

NMOR   4,8       6,9 36,3 22,0   

  

Out BDU 

Gas conc. 

  

MEA 

mg/Nm
3

 dry 

gas 1,2 1,0 1,2 2,1 4,4 1,3 1,9 4,0   

NDELA ng/Nm
3 

dry 

gas 

  

  16,3           20,5   

NDMA   6,5           11,1   

NMOR   2,4           4,0   

 

Measurements performed at TNO’s pilot plant

Analysis performed by SINTEF

Nitrosamine content in the order of 10 ng/m3

NDELA is partly present in aerosols



Nitrosamine from post combustion 
capture plant  implications

Typically, treated flue gas will be emitted via stacks (> 150 meter height)

Dispersion factor 500.000 to 1.000.000

Concentration NA capture plant will be in order of 10-13 to 10-14 g/Nm3

NDMA recommended maximum limit is in the order 10-11 g/Nm3

Caveat is amine degradation in the air 



Carbon capture: 

from dream 
via demonstration 

to realization



Demonstration activities within OCTAVIUS

35



36

ROAD 1 Million ton/yr storage – from source to sink



Demonstrations

ROAD 

ROAD is an initiative focused towards 
capture and storage of 1.1 million 
tonnes of CO2 per year from a new 
power plant in The Netherlands. 

Mongstad (Consultancy)

An International CO2 Technology test 
center network to facilitate international 
carbon test facilities to share knowledge 
to accelerate the commercialization of 
technology. 

One million tonnes 

of CO2 per year: 

world’s first and 

largest commercial 

scale coal-fired 

CCS project ($1.24 

billion)



Carbon capture, utilization and storage (CCUS)

Greenhouses

(Bio)fuels

EOR
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Chemical Processing

Algae

Chemicals

Direct use
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