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Is long-term and safe storage of CO2 in 
geological formations possible?
Why do we want to store carbon dioxide / CO2 in the 

underground in geological formations? Climate politics.

Which questions are raised with regard to this technology and 
what are the answers? State of technology.

Experience from the pilot site Ketzin approve implementation on 
research scale. State of science.

Conclusion: Gained results argue for industrial tests.

Aim: Provide basis to give judgement yourself.



Why do we want to store CO2?
Measure of climate politics
How do we interfere with the carbon cycle?

Which are the anthropogenic CO2 sources?

Which contribution can CO2 storage make?

What is carbon dioxide respectively CO2?

How dangerous is CO2 for humans?

-

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

2005 2020 2035 2050 2065 2080 2095

Em
is

si
on

s 
(M

tC
O

2 p
er

 y
ea

r)

Conservation
and Energy
Efficiency

Renewable
Energy

Nuclear

Coal to Gas
Substitution

CCS

Allowable

Emissions to the atmosphere

MiniCAM
Carbon in giga tonnes [Gt]

Atmosphere

Lithosphere

Biosphere

Ocean

CO2

CO2

CO2

CO2

~800 Gt

~40,000 Gt

~55,000,000 Gt~3,000 Gt
Hydrocarbons Carbonates

„Equilibrium“

~ 8 Gt/y (28 Gt/y CO2)
(~ 3.8 Gt/y CO2 in Europe)

anthropogenic contribution



Carbon in giga tonnes [Gt]

Atmosphere

Lithosphere

Biosphere

Ocean

CO2

CO2

CO2

CO2

~800 Gt

~40,000 Gt

~55,000,000 Gt~3,000 Gt
Hydrocarbons Carbonates

„Equilibrium“

~ 8 Gt/y (28 Gt/y CO2)
(~ 3.8 Gt/y CO2 in Europe)

anthropogenic contribution

Mankind interferes significantly with 
the global carbon cycle



Reduction of CO2 emissions from 
industry and energy sector

Point of departure: Climate change due 
to CO2 emissions from us!?

Anthropogenic carbon dioxide 
emissions in Germany in 2005

Carbon dioxide needs to be captured 
at large point sources

Geotechnologien, 2005

Trading: 58.1 Mio. t (6.6 %)
Transport: 167.4 Mio. t (18.9 %)

Industry: 160.7 Mio. t (18.2 %)
Residential: 115.6 Mio. t (13.1 %)

Energy: 382.3 Mio. t (43.2 %)



CO2 storage (CCS) provides ca. 25 % 
of emission reduction potential

CO2 storage one building 
block of portfolio 

CCS not only for fossil 
energy sources but as 
well for cement, steel 
and chemistry

IPCC Special Report, 2005
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Current status of CO2 storage is small 
compared to huge demand

GHGT-9 Summary from 2008



Carbon dioxide = CO2
is ominpresent in our environment
Natural, colourless, non-odorous 

and flavourless gas

It forms by:
Combustion (wood, coal, gas)
Alcoholic fermentation
Respiration (human, animal)

Application of CO2:
Food (mineral water)
Cooling agent (air condition)
Solvent (dry cleaning)
Fire fighting (fire extinguisher)

Carbon
(C)

Oxygen
(O)

Oxygen
(O)



CO2 is only under strongly increased 
concentrations dangerous
Natural concentration in 

ambient air 0,038 %

Physiological effect with 
concentrations > 1 %

Enrichment in troughs due 
to higher density than air

Are too high CO2 concen-
trations to be expected?

after Wikipedia, 2010



How does this technology work?
State of technology
What is „Carbon Capture and Storage“ – CCS?

What does this technology cost?

Howe is separation and transport of CO2 done?

Which options for geological storage do we have?

What happens to the CO2 in the reservoir?

How safe is CO2 storage?

What happens if CO2 leaks from the reservoir?

How can we monitor storage sites?



CCS – Carbon, Capture and Storage
Technology consists of three parts
Operation of CCS means 

following three steps

CO2 is separated via various 
techniques
CO2 is purified, compressed 
and transported to potential 
storage sites
CO2 is pumped into porous 
rock formations for long-term 
storage

IPCC Special Report, 2005



CCS causes additional costs due to 
increased energy requirements
Increased energy input required 

due to single process steps

CO2 separation at plant
Transport  to storage site
Injection into underground

Comparison of avoidance costs 
with other alternatives 
demonstrate competitiveness

Alternative
technology

Costs
€ / tonne

Solar thermal 29-75
Wind energy 37-91
Geothermal 190-540
Photovoltaic 420-611

CCS
Process step

Costs 
€ / tonne

CO2 capture ca. 50
CO2 transport 1-10
CO2 storage 10-24

Geotechnologien, 2005

Sinn, 2008



There are different types of CO2 capture 
systems under development

IPCC Special Report, 2005



In the future CO2 will be transported via 
pipelines from sources to sinks

Plants are not always in 
direct vicinity to geological 
storage sites

Captured CO2 will be 
compressed and liquified 
and transported via 
pipelines like natural gas

Transport via for 5 Mio. t / y
pipeline 1 (∅ ca. 0.5 m)
ships 300
trains 5,000
trucks 250,000



Options for geological storage

after IPCC, 2005

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
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Ketzin

from national (Germany) but also global perspective:
saline aquifers have largest storage potential 
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Target depth for CO2 storage
below 800 metres
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after IPCC, 2005



CO2 is pumped into porous rocks and 
taken up like water from a sponge

sandstone

rock texture
with pore space



CO2 is trapped / held back in porous 
reservoirs via four major processes

adapted from UBA, 2008

impermeable cap rock

impermeable layer

permeable reservoir (aquifer)

dissolved CO2 transported with flowing groundwater

groundwater flow

displaced
pore water

parts of the CO2
trapped in pores 
by capillary forces

CO2 accumulates
below cap rock

CO2 displaces
pore water 
and rises

CO2 dissolves 
in pore water 
and sinks down

CO2 in pore water 
reacts with rocks 

mineral formation

CO2 - injection



Reservoir rock and cap rock take up 
fluids or repel fluids, respectively

after BGR, 2010

reservoir rock and cap rock
in one sample

clay stone as barrier

sandstone reservoir



Natural analogues approve that CO2
can be stored on the long-term
Geological storage of CO2

invention of nature

Reservoirs exist since  
millions of years

Example: Reservoirs in south-
east of France

CO2 stored over geological 
time scales efficiently and 
safely



Gas storage demonstrates that 
technology is mature
Large amounts of natural gas stored

Adjustment of seasonal variations
Proven since decades
More than 50 German locations
Equivalent of 1-3 Gt CO2

Example Berlin

Gas storage in 800 metres depth
Below natural reserve
Vicinity to residential, sports and 
recreation areas



For carefully chosen locations no 
leakage is to be expected

Natural occurrences help to 
understand constraints

Potential leakage pathways

Anthropogenic – wells 
(active and abandoned)
Natural – fractures and 
faults
For CO2 or salt water



Numerous natural springs demonstrate 
only small potencial of risk

Eifel



Due to safety reasons CO2 storage 
reservoirs need to be monitored
Monitoring ensures long-term 

goal of storage

Operational reasons: Control 
and optimise injection
Safety reasons: Protect humans, 
animals and environment
Social reasons: Transparency 
during operation
Financial reasons: Inspection of 
stored amount (emission 
trading) 

0 25 50 km

BerlinKetzin

Potsdam



The CO2SINK Project
Coordinator: GFZ – German Research Centre for Geosciences

Centre for CO2 Storage

G.E.O.S. Freiberg Ingenieurgesellschaft (D)
Geological Survey of Denmark and Greenland (DK)

Mineral and Energy Economy Research Institute (PL)
Det Norske Veritas (N)

Statoil (N)
Shell International Exploration and Production (NL)

University of Stuttgart (D)
Vibrometric Finland (SF)
University of Kent (GB)
Uppsala University (S)
RWE Power AG (D)

International Energy Agency – Greenhouse Gas Programme (GB)
Vattenfall Europe Generation (D)

Verbundnetz Gas AG (D)
Siemens AG Power Generation (D)

E.ON Energie AG (D)
Schlumberger Carbon Services (Fr)

http://www.bmbf.de/


injection well
Ktzi 201

observation well
Ktzi 200

observation well
Ktzi 202

injection pipeline

injection facility

1 injection and 2 observation wells (distances: 50 and 112 m) 



Extensive monitoring concept of Ketzin 
is worldwide unique
Components of the 

monitoring program

Surface CO2 flux
Well head and bottom hole 
pressure and temperature
Gas membrane sensor
Seismic measurements
Electrical resistivity
Distributed temperature 
sensing (surface-reservoir)
Down hole fluid sampling 



Measurement of CO2 at the surface

start
of CO2 injection

no changes in surface CO2 flux detectable (up to now)

Zimmer et al. 2009



Successful geophysical tomography of 
the Ketzin underground

Juhlin et al., 2010

Ktzi202

Ktzi200Ktzi201

3D Seismic

Kießling & Rücker, 2010 
(unpublished)

Resistivity measurements

Ktzi202

Ktzi200Ktzi201

4.0

3.0

2.0

1.0

Resistivity-Ratios 3rd Repeat vs. 2nd Baseline
3rd Repeat: 04/2009 – 13,500 t CO2

Ratio

Difference map of reflexion amplitudes
Repeat: autumn 2009 – about 23,000 t CO2



Gained results argue for further tests 
on the industrial scale

„I would not mind living above a CO2 storage site.“

Aachen News, 10. July 2009
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