
The novel Cryogenic Cooling 
and Cutting System (CCCS) for 
the decommissioning process 
of Offshore Monopile 
Foundations (OMFs)

Kenneth Bisgaard Christensen



Scoop of the Project 

Development of a novel cutting tool based on the CCCS, 
with the aim of:

• Internal cutting capability 

• Reduce cutting time for OMFs 

• Reduce decommissioning time - target around 20%

• Reduce operational cost - target around 20% 

• Reduce environmental footprint (CO2 equivalents) - target 
around 25%



Place of Cutting Operation 

• Cutting options of foundations at or below the bedrock 
of the sea

External excavation Internal excavation Above mudline



Overview of the Current 
Cutting Techniques 

Figure 1. Venn diagram illustrating the applicability of different 

techniques for internal and external offshore cutting operations 



Comparisons of the Current 
Cutting Techniques



Conceptual Design of the CCCS
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Cooling Bandwidth Requirements 

Target for cooling time under 7200s (2 hours):

The cooling time dependents on:

• The Wt of the OMF

• The width of the cooling band 

• Ambient conditions

• Steel type 

Cooling Band (b) 



Conceptual Design and Application of CCCS

Internal cutting:



2D Simulation Model and Data for the 
Finite Difference Transient Heat Transfer Model

Liquid Nitrogen [LN2] Specifications:
Temperature: -196 °C
Heat Transfer Coefficient: 120 W/m2*K

Carbon Steel Specifications:
Type: A355J2 / ISO EN 1.0456

Thermal Conductivity: 48 W/m*K
Density: 7850 kg/m3

Specific Heat: 470 J/kg*K 

OMF Specifications:
Wall Thickness [Wt]:  100 mm

Ambient Specifications:
Saline Water Temperature [ta]: 10 °C
Heat Transfer Coefficient: 25 W/m2*K

Saline Water Temperature [tw]: 5 °C
Heat Transfer Coefficient: 1500 W/m2*K

Saturated Sand Temperature [ts]: 5 °C
Thermal Conductivity: 48 W/m*K



Transient Heat Transfer Calculations 



Transient Heat Transfer Results

The cooling time to reach -45 °C in the fracturing point of the 
OMF Wall: 6577 Seconds



Bandwidth 150 mm:

• 40 – 100 mm

Bandwidth 250 mm:

• 105 – 150 mm

CHANGE FONT



Impact Energy Absorption and Fracturing Test

V-Notch



Cryogenic cooling reduces the Ei requirement for the shattering
process of the carbon steel by 88%:

Impact Energy Required (J)

Diameter (DO)             
mm

Thickness (Wt)       
mm

Steel 
Area cm

2 Steel Temperature and J/cm2 

20 °C 0 °C -45 °C

128 J/cm2 80 J/cm2 15 J/cm2

2500 130 9679 1238912 774320 145185

3000 40 3720 476160 297600 55800

3400 50 5262 673536 420960 78930

3400 120 12365 1582720 989200 185475

4000 65 8035 1028480 642800 120525

7500 85 19801 2534528 1584080 297015

8000 135 33357 4269696 2668560 500355

10000 150 46417 5941376 3713360 696255

Impact Energy Absorption (Ei) Requirements 



Transient Heat Transfer Data Transfer 

Data from Transient Heat Transfer Model:

Temperature at Min at Surface Point: -59.48 °C
Temperature at Fracturing Point: -45.12 °C

Energy Absorption: 15 J/cm2

Cooling Time: 6577 Seconds = 110 mins



Fracture Propagation Research



FEA and Fracture Mechanics 



Economic Case Study of the 
Cape Wind Offshore Windfarm (OMF)  

Compare cutting time of AWJ and CCCS:

Cape Wind OMF:

• Internal Cutting of: 101 OMFs

• OMFs Wall Thickness: 100 mm



Decommissioning Time of OMFs 

Cutting Time for 101 OMFs:

AWJ:

151.5 Days

CCCS:

117.0 Days

Reduction of:

34.5 days = 22.8%



Estimated Savings Applying the CCCS

Estimated Savings:

Time Saving:

34.5 Days  

Economic Saving:

£4.09 million 

Or roughly

€4.65 million 

The Saving of the OMF decommissioning amount to 22.8% 

2.8% Greater than the min target of 20% set by the DecomTools Project
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