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CO2-free control power

CATO 4 December 2018

Arnold Groot

Opportunities for offshore Powergen

Maximum cable 
length for 60kV is 
around 75 km

DolWin alpha

BorWin alpha,
BorWin beta

Q4

Q10

S7

Doggersbank?

IJmuiden ver Gemini

Anticipated

Planned or under
construction

2



2

Power Generation plant

To Carbon 
Capture plant

Maximise power 
generated

Use LP Steam for 
Carbon Capture plant
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Carbon Capture Plant

CO2 Injection
@ 200 barg

Amine Boiler 
on LP Steam
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Flue Gas from 
Power Plant
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Reservoir pressure decline is counteracted

CH4 + 2 O2 + 7.5 N2 CO2 + 7.5 N2 + 2 H2O

Natural gas 
comprises 
typically of:

93.00% C1
2.85% C2
0.35% C3
1.70% CO2

1.90% N2

Ambient air 
comprises typically 
of 21% oxygen and 
79% nitrogen

For every mole of CH4
produced one mole of 
CO2 is injected, 
assuming perfect 
capture effectiveness.

The processing of 
Nitrogen is a major 
source of inefficiencies 
for power plants

The reservoir receives 
a similar volume of 
CO2 as the volume of 
natural gas produced 
from it.
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Propagation of CO2 through the reservoir can be managed

10 mol/m3

0 mol/m3

Top view

Injector

CO2 concentration
after 10 years:

Injector

Injector

Producer

Producer

Side view

Propagation depends on
• Rock properties
• Well spacing
• Well design
• Pressure & temperature
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Case study: producing into Gemini

Half of the time, Gemini 
infrastructure is unused

2,7 TWh
(51%)

2,6 TWh
(49%)

1,0 TWh
(19%)

Around 15% of the time 
Cranberry must operate 
at reduced output

Around 69% of the time 
Cranberry can operate 
at full output

1,7 TWh
(32%)

Public data only

WindfarmOffshore Installation

A 185 MWe Zero Emission Power Plant

Well 
Control

Gas 
treatment

Transport 
power

Receive 
power

Power 
generation

Transport 
to shore

Carbon 
injection

Carbon 
capture

Amine based capture plant producing
292 MMnm3/yr  avg gas production
* 2.2 kg/nm3 from combustion
= 642 ktonne/yr CO2

Tie-in to windfarm
= 1,100 GWh/yr 

Average daily gas 
production 
= 800 knm3/d
= 292 MMnm3/yr

Power produced
= 292 MMnm3/yr  avg gas prod’n
* 8.46 kWh/nm3 energy content
* 48%  PowerGen efficiency
= 1,200 GWh/yr
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2 * Gas Turbine + 2 * Heat 
Recovery Steam Generator

Absorber 
column

Steam Turbine

Wellhead area:
4 producers,
4 injectors

132 kV 
Switchgear

Topsides 6,500 tonne

Living 
Quarters
12 POB

Fast Craft jetty

“Float over” type jacket

CCS on the cheap
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€ 417 MM, 
3 yrs * 1.1 MMtpa

US$ 1,040 MM, 
25 yrs * 1.4 MMtpa

€ 83 MM, 
25 yrs * 0.6 MMtpa



6

How come Circular Energy is economic at current ETS prices?

Capture Plant (standalone)
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Revenues: none

CO2 Flowline

Injection Plant

Power Plant

Gas treatment Plant

Capture Plant (integrated)

Revenues: sale of power

CO2 Flowline

Injection Plant

Power Plant

Gas treatment Plant

Integrated conceptEnd-of-pipe solution
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LAES – Liquid Air Energy Storage
CAES – Compressed Air Energy Storage
P2G – Power to Gas
P2F – Power to Fuel

“Cranberry is an offshore battery project”
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