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Alstom activity on major demonstrations ALSTOM

T N0, B [ . - =
T EdF - Le Havre Statoil Mongstad
Vattenfall Schwarze Pumpe AEP Mountaineer France — 5 MWth Norway - 40 MWth

Germany - 30 MWth USA - 58 MWth
Oxy - Lignite Chilled Ammonia - Coal

Adv. Amines - Coal Chilled Ammonia - Gas
Pre-commercial

Eal § arisiiamn Takal Lacy Vattenfll Janhwale

PGE Belchatow

Sweden - 5 MWth France - 30 MWth Poland — 260 MWe Germany - 250 MWe
Chilled Ammonia - Fuel

Adv. Amines - Lignite Oxy - Lignite

AEP Mountaineer

Transalta

Dow Chemical Co. Alstom BSF Windsor

AL N Canada - =200 MWe USA - 235MWe
USA, West Virginia US - 15 MWth Chilled Ammonia - Coal Chilled Ammonia - Coal
Advanced Amines - Coal QOxy - Coals
Selected for receiving EEPR funding I;iSelected by Alberta & Federal Canadian funding Selected by US DOE (CCPI Rnd 3 funding)
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THE LINDE GROUP

Linde Portfolio
Technolugy Process _

>

_.EI

Linde offers technology and engineering solutions
for all three C(S pathways

o,
purification &

hre asifier i Gf(a; (hta’aml;lg
combustion ectisol compression

co,
o oxyfuel” i purification &

compression

Post-
combustion™*

o,
capture &
compression

*  Linde developed integrated technology , LICONOX” (except third-party boiler technology)
** Third-party technology (except Linde’s €0, capture & compression)

6 Innovative CO, management April 2012 37

i 4 ~ Linde * IS0 CCS 75
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FiHE- -~ ketzin IR

- PILOTSTANDORT
The Ketzin project Gz

Europe’s longest-operating
on-shore CO, storage site

M. Kiihn: head of centre for CO, storage

A. Liebscher, S. Martens, F. Méller: Pilot site team

Centre for CO, Storage
GFZ German Research Centre for Geosciences

GFZ

Helmaltz Centre
Porsoam

ﬁ HELMHOLTZ
| AssociaTiON

Different geological options for CO, storage
I 1 saline aquifers (a) off-shore (b) on-shore m

2 .enhanced oil/gas recovery" — recovered oiligas
3 depleted oil/gas reservoirs i stored CO,

4 unmineable coal seams

5 ,enhanced coal bed methane recovery”

6 other (basalts, evaporites, cavern)

from national but also global perspective:
saline aquifers have largest storage potential (Germany ~6-12 Gt)

A
BrL after IPCC (2005) — wawipcech  Gt) (@)

= #HELMHUL‘TZ
WMO UNEP
PoTsoam

‘ ASSOCIATION
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Ketzin covers all aspects of a CO, storage
site with a focus on monitoring

exploration
public
iirenih infrastructure
W, 7
N
4 ""‘,
| pilot ¥
Ia&iiia;gw | testsite — adriling
" Ketzin
e N
»
numerical CO,
modelling supply
reservoir
monitoring -
GFZ
— ﬁ HELMHOLTZ
u';gl‘rulsul‘::: ‘ASSDEIATIUN

Ketzin only possible with complex funding

CO,SINK
(L1
COSMOS CO,ReMoVe COSMOS Il
ey | GRS (EV) EUROGIA
CHEMKIN pr'" ot “I“" “‘,... %Eiﬂgil
(BMBF) | etzin J (EV)
GeoEn CORTIS HO.CARE
(BMBF)  COORETEGC ; Spchi (EV)
(BMwi)  CORDRILL.  (EU)
' COORETEC Il
| o ey &>
and 1AmnoH gy SIKTH FRAMEWORK
COGITO 3DRep1 FROGRAMME
: BMBF
(BMBF) 7 ( )
* Fagaral Ministry (HEIthHZ)
of Cducation
and Research = f—_
' e T
GFZ
E ﬁ HELMHOLY?
He lmhotz Centre ‘ASSOCIAUON

PoTsoAam
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Ketzin at the SE flank of a double anticline

el T4 ! i T 360 e
] ey vy

K2-Reflektor

GFZ ﬁHELMHOLTZ

—
Helmhalts Contrs ‘ASEUCIAT\UN
PoTspoam

Aerial view of the Ketzin pilot site

450 m; first indicator horizon
ystem anent P-monitoring

o — ﬁ HELMHOLTZ
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The CO, injection runs safely and reliably

e Start of CO, injection: 30.06.2008

e CO, sources and quality
— Primary source: food-grade CO, (Linde), » 99.9%
— Secondary source (1,515 t from May 05 to June 12, 2011):
Schwarze Pumpe pilot plant (Vattenfall), > 99.7%

¢ Injection rates: 24 to 77 t/day (currently ~ 1 kt CO, /month)
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Injected CO, and formation pressure
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An interdiscplinary monitoring
concept is applied

» Surface monitoring
» Gas monitoring
« P/T monitoring
» Geophysical monitoring
* Seismic
» Geoelectric
* Fluid sampling
» Microbiology
« Geochemistry

* Logging
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CO, flux and temperature show
typical seasonal variations
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Monthly soil flux measurements
at 20 sampling locations
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In-situ gas monitoring

needle valve

6 mm stainless
steel tubing

« Installation in March 2010 (well Ktzi 200)
+ Tracer tests conducted in April / May 2010 and May 2011

Zimmer et al., 2010 @ aeimnourz
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Geophysical methods with
different spatial resolution are applied

50 : active seismic methods

surface-surface:
3-D (grid), 2-D star (red lines)

surface-downhole:
vertical seismic profiling VSP
moving source profiling MSP

cross-hole (white circle)
passive seismic methods
= geoelectric methods
»
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surface-downhole (vellow dots)
cross-hole (white circle)

———— lg HELMHOLTZ
Bz lmio 1 Cetre ASSOCIATION
Porsoam

3D seismics: Time-lapse amplitude analysis

visualizes the CO, signature
Changes in reflection amplitude between 3-D baseline (2005) & repeat (2009)

0.4

0.2
Norm. Diff. Ampl.

3D-Repeat 10/2009 ~22 kt CO, injected
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3D seismics: Time-lapse amplitude analysis
visualizes the CO, signature
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Lith et al., 2010
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Set-up of the Vertical Resistivity Array
(VERA)
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Schmidt-Hattenberger et al., 2011 & Bergmann et al., 2012 & necuini
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Geolectrical measurements show resistivity
increase at reservoir level

depth slices z=-630 m vertical profile Ktzi 201-Ktzi 200
baseline 3. repeat relative resistivity changes
(after 13.5 kt CO2) (3. repeat vs. baseline)
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Seismics & Resistivity tomography

Geoelectric — depth slice at 630 m

Seismics - depth slice at 635 m
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Current status of modelling activities -
Integrated History Matching process

aaaaaa

Dynamic 3D Static 3D
modelling / modelling N\
Integration of
$ operational and
1D/2D monitoring data

parameter The Ketzin site provides
eskimation a unique data set

Kempka et al., 2010
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Dynamic model matches pressure and
arrival times of CO, at observation wells

well Ktzi 201 well Ktzi 202
j 100 m
b, 4 TIMESTEP! (1) 24/Jun/2008 (02:24:59)
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Simulated arrival times
Ktzi 200: 23 days (measured 21 d)
Ktzi 202: 257 days (measured 270 d)

well Ktzi 200

Gas saturation

Kempka et al., 2011 & weLmun
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Dynamic model shows extension of CO,
plume after 60 kt injected CO,

500 m
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Public outreach

* Transparent information about the Ketzin project, the
monitorinig concept and results from the very beginning

e Increasing number of site visits (~1,000 visitors in 2011)

e Extension of visitor centre and set-up of new website

* Annual Open House at Ketzin site brings researchers and
local community together
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Conclusions 0

N FORSCHUNGSPROJEKT COMAN

e The Ketzin project demonstrates successful CO,
storage in a saline aquifer on a research scale.

e Injection operation since June 2008 is safe and
reliable.

e Geophysics detects the CO, signature on various
- even very small - scales.

¢ Dynamic model matches arrival/traveltimes and
pressures.
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Public outreach

* Transparent information about the Ketzin project, the
monitorinig concept and results from the very beginning

e Increasing number of site visits (~1,000 visitors in 2011)

e Extension of visitor centre and set-up of new website

* Annual Open House at Ketzin site brings researchers and
local community together
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Conclusions E

FORSCHUNGSPROJEKT COMAN

e The Ketzin project demonstrates successful CO,
storage in a saline aquifer on a research scale.

e Injection operation since June 2008 is safe and
reliable.

e Geophysics detects the CO, signature on various
- even very small - scales.

¢ Dynamic model matches arrival/traveltimes and
pressures.
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...during your visit

be kindly reminded:

@ .

Thank you for your attention !
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