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Climate politics: Why do we want to store CO2 in the 
underground in geological formations?  

Ketzin: Which results have been gained at the pilot site? 

 

Is long-term and safe storage of CO2 in 
geological formations possible? 



Why do we want to store CO2? 
Measure of climate politics 

• How do we interfere with the carbon cycle? 
• Which contribution can CO2 storage make? 



Anthropogenic emissions of CO2 have 
significant impact on carbon cycle 

Kühn, 2011 



CO2 storage (CCS) might provide 25 % of 
the emission reduction potential 

 
• CO2 storage one building 

block of portfolio.  

• CCS not only for energy 
generation based on fossil 
fuels sources but as well 
for industry emissions 
(cement, steel and 
chemistry) and “bio CO2”. 
 

• If CCS shell make an 
impact it will be big! 

IPCC Special Report, 2005 



The Ketzin pilot site - Europe’s longest 
operating on-shore CO2 storage site 

• What did we know before CO2 injection started? 
• How does the CO2 injection work? 
• Which monitoring techniques are applied? 
• Which modelling activities are on-going? 
• What do we learn from the Ketzin pilot site? 



IPCC Special Report (2005) 

Deep sedimentary basins are the target 
for large scale CO2 injections 

1  saline aquifers (a) off-shore  (b) on-shore
2  „enhanced oil/gas recovery“
3  depleted oil/gas reservoirs
4  unmineable coal seams
5  „enhanced coal bed methane recovery“
6  other (basalts, evaporites, cavern)

injected CO2
recovered oil/gas
stored CO2

1a
2

1b

3 4 5 6

Saline aquifers have the largest potential worldwide. 

Ketzin 



Most storage capacities in Germany are 
given in the northern part 

6-12 Gt 

BGR, 2010 



The Ketzin site before the infrastructure 
for CO2 storage was developed 

Visitors Centre 

Visitor Centre 

Dedicated area for wells 



How the Ketzin pilot site looks today 

Observation well 
Ktzi 202 

Injection well  
Ktzi 201 

Observation well 
Ktzi 200 

Injection facility 

Observation well 
P300 

Visitor Centre 20 m 

Observation well  
Ktzi 203 



Today Ketzin covers all aspects of a CO2 
storage site with a focus on monitoring 



R&D activities at Ketzin are conducted  
within many projects 



Many project partners support the  
R&D activities at Ketzin since 2004 

http://www.bmbf.de/


Geology and Drilling 



0 

2000 

4000 

6000 Potential CO2 storage sites 
in anticline structures 

Geology of the NE German Basin 

Förster, 2006 

Injection 
Observation 

Salt tectonics 

Quarternary channel systems 



Ketzin is located at the SE flank of  
a double anticline  

Ketzin 



How the Ketzin site looks in a  
schematic cross-section 
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mudstone 
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cap rock: 
mudstone (Weser formation) 

porosity ~ 8 %, permeability ~ µD 

reservoir: 
sandstone (Stuttgart formation) 

24 – 47 wt % quartz 
13 – 20 wt % plagioclase 
7 – 30 wt % clay minerals 

 
 

fluvial system 
extreme heterogeneous 

base Weser 
top Stuttgart 

reservoir 

depth 

Norden et al. 2007 / Förster et al. 2010 

porosity ~ 26% 
permeability 

laboratory:     300 – 400 mD 
(but extreme variable) 

hydraulic tests: 40 – 80 mD 

base 
Stuttgart 

Different rock types were characterized 



Management of technial and scientific  
data is a key aspect for the Ketzin project 

 DMS   

• Data from CO2SINK and CO2MAN 
are integrated in one common Data 
Management System (DMS) 

• Services for dissemination, 
archiving, communication and 
collaboration are provided 

• Data was acquired while drilling 
using the ICDP Drilling 
Information System 

     
 

 



Injection and  
Monitoring at Ketzin 



• Start of CO2 injection: 30.06.2008 
• 14.07.2013: 66,243 t CO2 injected 
• CO2 sources and quality: 

• Primary source: food-grade CO2 (Linde), purity > 99.9% 
• Secondary source (1,515 t from May 05 to June 12, 2011):   

Schwarze Pumpe pilot plant (Vattenfall), purity > 99.7% 
• Injection rate: currently ~ 1,000 t CO2 /month 

 
 
 

 
 
 
 
 

The CO2 injection runs safely and reliably 



The components of the injection facility 
• 2 storage tanks (50 tons each) 

(liquid: -18 °C, 19 bar) 
• 2 ambient air heaters for pressure 

keeping within the tanks 
• 5 plunger pumps for rates of  

0 … 1,000 kg/h liquid CO2 
• 1 electrical heater, 300 kW el., operating 

range 10 °C … 70 °C 
• 150 m insulated piping to injection well 
• Flow meter prior to injection well 

 

Control Room 



An interdisciplinary monitoring  
concept is applied 

 
 
 
 
  



Formation pressure and injected mass of 
CO2 
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Pressure limit, measured at 550 m = 83 bar
(equates to 85 bar formation pressure)



Injection rates and injected mass of CO2 
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The Ketzin site has comparably low 
pressure and density conditions 

8 

Liebscher, 2011 



Injection process 



Network of surface and shallow 
subsurface monitoring locations  



CO2 flux and temperature show  
typical seasonal variations 

Monthly soil flux measurements 
at 20 sampling locations 

Zimmer et al., 2005 - 2011 



Monitoring with the Gas Membrane Sensor 

quadrupole mass 
spectrometer

(H , He, CH , N , 0 , 

Ar, CO )
2 4 2 2

2  , Kr

data
aquisition

unit

 
borehole 

gas 
sampling

fluid level

pressurized
Argon

gas flow
control unit

phase separating
 membrane 

pressure & temperature 
sensor

formation 
gas

formation 
gas

Argon with 
formation gas 

 pure Argon

Zimmer et al. 2008 
Zimmer et al., 2008 

Patent No.: US 7,523,680 B2 

Observation well Ktzi 200 
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Gas monitoring - Arrival of tracer and CO2 

arrival at Ktzi 200 (50 m way from injector)  
after ~ 500 t CO2 injected 

arrival at Ktzi 202 (112 m away from injector)  
after ~  11,000 t CO2 injected  



Majority of microbes are able to  
adapt to changed conditions 

Long-term experiments 
with new samples (P300) 

Fermentative and sulfate reducing bacteria 
prevail in fluid samples from Ktzi 201 

Detected microbes: 
Depth 647m before lift: 
Halanaerobiaceae bacterium (Band 
1, 4, 7) Desulfotomaculum salinum 
(Band 2)            Moorella 
perchloratireducens (Band 3)  
Anaerophaga (Band 10) 
Depth 647m after lift: 
Halanaerobiaceae bacterium (Band 
1, 2, 3) 
Depth 670m 6 months after CO2 
injection:       
Halanaerobium bacterium (Band 1, 
5-12) 
Desulfovibrionales spp. (Band  2, 3) 
Depth 670m and 726m, 12 months 
after CO2 injection: 
Halanaerobium spp. (Band 3, 6, 12, 
14) 
Desulfovibrionales spp. (Band 5, 4) 
Depth 675m and 727m, 24 
months after CO2 injection: 
Halanaerobium spp. (Band 3, 6, 8) 
Desulfotomaculum acetoxidans 
(Band 8) 
Desulfovermiculus halophilus (Band 
5) 
Thermotoga (Band 9) 
Anaerophaga thermophila (Band 10, 
11, 12) 
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Würdemann et al.  / Wandrey et al. 2011 



Geophysical monitoring 



  4D Seismic Observations 

3D Repeat Survey 

Ketzin 

 
3D Baseline 2005:  
41 Templates 
~12 km2 

 
3D Repeat 2009: 
20 Templates 
(after ~23 kilotons 
 CO2 injected) 
 
3D Repeat 2012: 
33 Templates 
(61 kilotons injected) 
 
 
 
 
1 Template: 
240 geophones, 5 lines 
180 shotpoints, 12 lines 
 
Courtesy of S. Lueth 



12-20 t 

 2-5 t 

Vibrators used for 3D seismic baseline  

The CO2-Storage Team –  2006 
Courtesy of S. Lueth, GFZ 



3D seismics: Time-lapse amplitude analysis 
visualizes the CO2 signature 

Lüth et al., 2010 

Normalized amplitude variation (3D Baseline 2005 vs. 3D Repeat 2009) 
 

3D-Repeat 10/2009 ~22 kt CO2 injected 
 



  
Injection history 

Seismic 
 
 
3D 
 
Star, MSP/VSP 
 
 
X-hole Tomogr. 

Geoelectric 
 
 
 
 
Surface-downh. 
ERT 
 
X-hole ERT 

Geophysical monitoring  

Ketzin 



Installation of the VERA system for 
geolectrical monitoring 

The Vertical Electrical  
Resistivity Array-system  

Schmidt-Hattenberger et al., 2011 



Geolectrical measurements show resistivity 
increase at reservoir level 

Bergmann et al., 2012 



• Displacement monitoring is 
based on TerraSAR-X Stripmap 
image data (3 m resolution) 

• Deformation rates in the order of 
mm/year are detectable 

• Acquisition since April 2009 every 
11 days 

• Installation of 4 corner 
reflectors as artificial scatterers 
due to rural character of the site  

• Data processing in progress 

 

 

 
 
 

Persistent Scatterer Interferometry 

    Photo: C. Lubitz 

EADS Astrium 



Modelling the Ketzin site 
“Match the history of observations 

to be able to trust your predictions” 

 



Current status of modelling activities - 
Integrated History Matching process 

Static 3D 
modelling 

Dynamic 3D 
modelling 

Integration of 
operational and 
monitoring data 1D/2D 

parameter 
estimation 

Kempka et al., 2010 

The Ketzin site provides 
a unique data set. 



Static geological Ketzin model validated 
by dynamic simulations 

Injection stops for testing 

Increase due  
to injection 

Courtesy of T. Kempka 



 5 km x 5 km 

Dynamic model matches pressure and 
arrival times of CO2 at observation wells 

Simulated arrival times 
Ktzi 200:   23 days (measured   21 d) 
Ktzi 202: 257 days (measured 270 d) 

well Ktzi 201 well Ktzi 202 

well Ktzi 200 
Gas saturation 

100 m 

Kempka et al., 2011 



Public outreach  
and conclusion 



A key premise of communication is  
an open and transparent dialogue  

• Transparent information about Ketzin and the 
monitoring concept and results from the very beginning  

• Large and positive resonance in the media and 
continuous visitor groups to the pilot site 

• “Peaks” for requests at special events, e.g. first delivery 
of CO2 from Schwarze Pumpe pilot plant in May 2011 
 
 
 
 

 



The world visiting the pilot site Ketzin 

2011: 800 
visitors from 
20 nations 



Information are made available through 
multiple communication types 

 
• Visitor centre Ketzin as most important contact point 
• Annual Open House at Ketzin site brings the 

researchers and the local community together. 
• Project status and progress are covered at the website 

www.co2ketzin.de. 
• Videos and brochures are provided. 

 
 
 
 

 



• We learned how to inject CO2 into a saline aquifer 
– daily operation to regulation. 

• Geophysics is able to detect the CO2 signature 
on various - even very small - scales. 

• Geochemistry is able to follow the trace of the 
CO2. 

• Dynamic model matches the field observations 
(CO2 arrival times and pressures). 

 

 

 

 
 
 

www.co2ketzin.de 

Conclusion 
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