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GEOSTOR

Status of current 
activities at Fichtner



GEOSTOR – finding a feasible Solution to store CO2 
effectively in the German North Sea

German Offshore CCS Sites under investigation in GEOSTOR

Governing aspects for designing CCS Logistics Chains:

• Storage Site location(s) - Hub location

• Storage capacity / storage volume per year

• Distances (Sources->Hub, Hub->Offshore Site) 

• Transport means (low/no GHG emissions?!)

• Metocean data (water depth at site, bathymetry, wind, 

waves, current, soil condition)

• Sources of CO2 (physical, chemical, process implications)

• Materials / components selection and availability

• Legal aspects, Contracts, HSE

• Costs (UXO, drilling, transportation, platforms, processing, 

temp. storage, main components, monitoring)

• Risks for all links of the Logistics Chain

• Note: CCU is also gaining Momentum (syn. Methanol, 

Diesel, Kerosene, LPG, LNG)



Block Flow Diagram (BFD) for 4 Scenarios
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Base Case for Hub process simulation

Definition of Base Case for Cost Estimation:

▪ Import of 2 MTPA liquid CO2 via small ships (7 700 m3)  Requires unloading of 258 ships per year (ca. five ships per week)

▪ Import of 2 MTPA liquid CO2 via 32x RTCs (62 m3)  Requires unloading of 960 trains per year (ca. three trains per day)

▪ Export of 1 MPTA  liquid CO2 via Ship (23 000 m3)  Requires loading of 43 ships per year (ca. one ship per week)
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PFD* – Rail Handling Module

Rail Handling Module:

▪ Liquid CO2 is unloaded from RTCs and transferred to 
storage tanks

▪ 32 loading arms are foreseen for unloading of 
liquid CO2

▪ Gaseous CO2 (displaced BOG from storage tanks) is 
directed to RTCs to replace liquid CO2 volume with 
gaseous CO2

▪ Vaporizer is forseen for temporary operation if 
amount of BOG is not sufficient for unloading

▪ Buffer Tank is required to ensure that pump is primed

▪ Expected excess BOG production during unloading: ca. 
4.84 wt.% of liquid CO2 from all RTCs

▪ BOG is liquefied in Storage and Liquefaction 
Module

 

 

 

 

 

               

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

                                                                                                                                                                                                                                                                                                                                                                       

 

          

         

   
                

                  

                    

            
                  

                              

           

      

             

             

              

 

                                      

          

                       

                      

                                                                                                                                                                                                

                                                                                                                                                                              

       

                                             

             

           

                            

*Process Flow Diagram



PFD – Ship Handling Module: Unloading of Import Ships

Unloading of Import Ships:

▪ Liquid CO2 is pumped with in-tank pumps of 
import ship (capacity of 7 700 m3) to storage 
tanks

▪ Gaseous CO2 (displaced BOG from storage tank) is 
directed to import ship to replace liquid CO2

volume with gaseous CO2

▪ Vapor return line forseen for gaseous CO2 
transfer

▪ Expected excess BOG production during 
unloading: ca. 4.78 wt.% of liquid CO2 from import 
ship 

▪ BOG is liquefied in Storage and Liquefaction 
Module

           
                  

           

    
 
              

               
      

            
                  

 

 

 

 

 

               

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

                                                                                                                                                                                                                                                                                                                                                                    

 

   
                

      

             

             

              

 

                                      

          

                      

                      

                                                                                                                                                                                                         
                                                                                                                                                            

       

                                 
          

 

             

           

                            

           



PFD – Ship Handling Module: Loading of Export Ships

Loading to Export Ships

▪ Liquid CO2 from storage tanks is transferred via 
export pump to export ship (capacity of 
23 000 m3)

▪ Gaseous CO2 (displaced BOG from export ship) is 
transferred to storage tanks due to high volume 
flow, which is connected to the Storage and 
Liquefaction Module

▪ Vapor return line forseen for gaseous CO2 
transfer

▪ Blower forseen to overcome pressure 
losses of vapor return line

▪ Expected excess BOG production during loading: 
ca. 4.85 wt.% of liquid CO2 from export ship

                  

                  

                   
            

                  

 

 

 

 

 

               

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

                                                                                                                                                                                                                                                                                                                                                                    

 

      

             

             

              

 

                                      

          

                      

                      

                                                                                                                                                                                                         
                                                                                                                                                            

       

                                 
          

 

             

           

                            

   
                

      

           

           

           

           



PFD – Storage & Liquefaction Module // Pipeline Module

Storage and Liquefaction Module:

▪ Imported liquid CO2 from rail, ship and truck is 
transferred to storage tanks

▪ Two spherical tanks with capacity of 
25 000 m3 are foreseen

▪ Displaced BOG in storage tank is transferred 
to the individual modules to replace the 
liquid CO2 in the carrier 

▪ Excess BOG is directed to liquefaction unit 

▪ Liquefaction is performed by multi-stage 
compression with intercooling

Pipeline Module:

▪ Imported CO2 from pipeline and CO2 from storage 
tanks is combined in a slug catcher to meet 
specified export rate

▪ Heat exchanger necessary for liquid CO2 export to 
meet minimum temperature for sequestration (in 
order to prevent formation of permafrost zone)

▪ Heat integration with liquefaction unit under 
development

         
      
       

 

 

 

 

 

               

 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

                                                                                                                                                                                                                                                                                                                                                                    

 

                      
      

         
   

      

         

         
           

                    

                            

               

              

           

           

                  

      

             

             

              

 

                                      

          

                      

                      

                                                                                                                                                                                                         

                                                                                                                                                            

       

                                 
          

 

             

           

                            

                       

            

                   
             
             
         

       
      
      
       

                                  

                    

      

                               

        

               

              

           

    



Pipeline from Hub to UW-Facility
Case Study: 130 km Pipeline, DN500

Pipeline from Hub to Platform (fixed)
Case Study: 300 km Pipeline, DN500

Analysis of Scenario 2 & Scenario 4
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Pipeline from Hub to UW-Facility
Case Study: 130 km Pipeline, DN800

Pipeline from Hub to Platform (fixed)
Case Study: 300 km Pipeline, DN800

Analysis of Scenario 2 & Scenario 4
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Equipment List

The Equipment List (selected view) summarizes main Components 
of the overall facility as Basis for the Cost estimate



Layout planning (updated)

Main Building Blocks

▪ A Jetty or Berth Quay

▪ Storage in (spherical) storage Tanks

▪ Process Plant incl. 
- Entrance with roads to the plant
- Workshop, laboratory and admin. building
- Gas conditioning trains
- Compressor, chiller and pump trains

▪ Pipeline connecting Jetty and Tanks

▪ Truck loading/unloading Station

▪ Train loading/unloading Station

▪ Import Pipeline to the Hub

▪ Export Pipeline to the subsea storage Site

Aim is 

▪ to evaluate the overall feasibility

▪ to define an effective footprint, small area is 
preferred

▪ to define the base for the cost estimation



Layout planning (modular approach)

CO2 handling is organized in five Main Modules:

1. Rail Handling Module

2. Truck Handling Module

3. Pipeline Module

4. Storage and Liquefaction Module

5. Ship Handling Module (not shown 
here)

The Storage and Liquefaction Module is 
interfacing with all other Modules

▪ All produced Boil-Off Gas (due to heat 
ingress and pressure losses in pipes and 
vessels) is handled centralized at the 
Storage and Liquefaction Module

▪ Excess BOG is liquefied to minimize CO2 
losses

Rail Handling Module

Storage and Liquefaction Module

Pipe-
line 

Module

Truck Handling 
Module
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Risk Matrix

Version Rev0

(Date: XX.XX.XXXX)

Risk within the so-called "Plan-Do-Check-Act" cycle as documented in the procedure , Further instructions, RI & E etc. or additional measures are not required

Need for action! The risk must be reduced to "Low" or be as low as reasonably practicable in accordance with the ALARP principle (As Low As Reasonably Practicable).  Measures 

must be documented in such a way that they can be traced.

Unacceptable risk!  It is mandatory to reduce measures , demonstrably at least to the level of the ALARP principle. If the risk is still unacceptable after implementing the measures, 

the work must not be carried out.

0 0

0 - 4

8 - 32

64 - 256

0 - 4

8 - 32

64 - 256

Initial After mitigation measure

The Risk Register lists identified Causes and Effects as Basis for a 
HAZID. The initial status is answered by a mitigation round.

The Risks result from multiplying 
Risk = Probability of occurance x Severity (here: for 5 fields)

In a later stage an HAZOP also allows consideration of 
operational Risks Resulting Risk Matrix (initial and after mitigation measures, 

example)

Risk Categories
Risk Register (selected view of initial assessment)



Next Steps

16

Technology

▪ Communication with AP 2 for required Flow Regimes to reach injection goals – yet to come

▪ Fine tuning of HYSYS Simulations to get the correct inputs for the Heat and Material Balances - ongoing

▪ Fine tuning of Block Flow Diagrams (BFD, for considered Options) - OK

▪ Preparation of simplified Process Flow Diagrams (PFD) - OK

▪ Finalization of Equipment Lists - ongoing

▪ Preparation of Electrical Load Lists - ongoing

Costs

▪ Started, based on equipment list

▪ Development of a cost model

▪ Implementation of selected technology into the cost model

▪ Goal: Cost per stored ton of CO2 for each considered Scenario



Many thanks for
your attention!

Contact: Sven.Hoog@fichtner.de; 
  Achim.Stuible@fichtner.de 

https://geostor.cdrmare.de
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