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Outline of my talk

1 Why CCS & what are the current i

Climate issueClimate issue

Reduce the CO2 content in the produced

Use CO2 for enhanced recovery

Find storage sites

2 Mapping of suitable CCS reservoir2 Mapping of suitable CCS reservoir

Criteria & process of selection
Cross-boarder collaboration- challengeCross boarder collaboration challenge
Tools & capacities needed
Case studies

3 Role(s) of geosciences3 Role(s) of geosciences
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Norwegian Petroleu
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The 
coco
p
a
pp
b
p
n

m Directorate

Subordinate to the Ministry of 
etroleum and Energy (MPE)

d b d hAdvisory body to the MPE
Exercise management authority

stablished 1972 in Stavangerstablished 1972 in Stavanger
20 employees; – engineers, 
eologists, economist etc

Norwegian Petroleum Directorate will 
ontribute in creating the greatest ontribute in creating the greatest 

possible value for society from oil 
nd gas activities by means of 

prudent resource management, p g ,
ased on safety, emergency 
reparedness and safeguarding the 
atural environment.



CO2- emission
Norwegian s
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ns from 
ources

Sources of Norwegian CO2Sources of Norwegian CO2
emissions, 2008

Total CO2 emissions
ca  45 million tonns/year
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ca. 45 million tonns/year



CS Potential: up to 20% of nneeded reductions



I i llInternationally

Testimonial
”If we want to reduce our
greenhouse gas emissions by 80% 
in 2050, we certainly need Carbon
Capture and Storage” (Andris Piebalgs, EU Capture and Storage  (Andris Piebalgs, EU 

Energy Commissioner)

The European Council has called for a The European Council has called for a 
emonstration programme of up to 12 
arge-scale CCS projects to be 

ti l b  2015 operational by 2015 

12.11.2010

The Global CCS Institute formally launched at The Global CCS Institute formally launched at 
G8/Major Economic Forum in Italy 9th July 2009

“We strongly support the recommendation g y pp
that 20 large scale CCS demonstration 
projects need to be launched globally by 
2010, with a view to supporting technology 
development and cost reduction for the 
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beginning of broad deployment of CCS by 
2020.”
G8 Statement of June 2008



CO2 active projects
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CO2 value chain

yoto 

echanisms and 

mission trading schemes

Additional oil 

if CO2-enhanced

recovery feasib



CCS – just expensiv
good value creationgood value-creation

Gas with high CO2 content - Sales ga
specification (Sleipner, Snøhvit)

Enhanced hydrocarbon recovery

Increased industrial productionp

Offer good quality storage sites – bu
opportunitiespp

..and reduce the CO2 emissio

12/11/2010
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on to air
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Four Large CO2 Commercial Four Large CO2 Commercial 

Sleipner Norway In Salah AlgeriaSleipner, Norway In Salah, Algeria

Operator: Statoil Operators: BP Statoil andOperator: Statoil

1 million tonnes of 
CO2/year

Operators: BP, Statoil and 
Sonatrach

0.8-1.2  million tonnes of 
CO2/year 
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 Projects in Operation Projects in Operation

Snøhvit Norway Weyburn CanadaSnøhvit, Norway Weyburn, Canada

Operator:Statoil Operator: EnCanaOperator:Statoil

0.7 million tonnes of 
CO2/year 

Operator: EnCana

1.8 million tonnes of 
CO2/year 



Storage of CO2 in the bedroc
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ck: an illustration
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Sleipner CO separatioSleipner CO2 separatio

CO
(am(am

Started in 1996 – 10 year of CO2-injection

Separating and injecting nearly 1 mill. to

Storing in saline aquifer above natural gaStoring in saline aquifer above natural ga

Driver: the ~45US$/ton CO2-tax imposed

Learning and confidence building throug
rograms

on and injectionon and injection

O2 processing unit
mine)mine)

n in October 2006

ns CO2  annually

as reservoiras reservoir

 in 1992

gh a series of large EU-wide R&D 



Sleipner case
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Snøhvit LNG with CSnøhvit LNG with C

iped CO2 separated from natural gas (5-
nshore LNG plant, and re-injecting in sa
elow natural gas reservoirelow natural gas reservoir

45 km subsea pipeline transport. 

CCS started April 2008 – capacity 700,000

SnøhvitSnøhvitSnøhvitSnøhvit

CCSCCS

-8% CO2) in 
andstone 

0 ton/yr



CO2 to CO2 to
a technical potential in 

For 20 o
7%  (20
Need: 2

IF enou
optimum
commecomme
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 EORO
 the Norwegian fields

oilfields:150-300 million Sm3 extra oil, 3-
005)
25 Mt CO2/year for 30 years2/y y

ugh CO2 could be made available at the
m time in their production life at 
rcial conditionsrcial conditions.
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Norwegian SeaNorwegian Sea

Åsgard

NjordNjord

NorneNorne

Heidrun

Draugen

Tj ldb ddTjeldbergodden



Norw
C b Di id GCarbon Dioxide Ge

Atl
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l i l Steological Storage
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Based on collaborBased on collabor
Petroleum i

ration with theration with the
industry



In cooperation with Universitie

Two
Enev

BIGBIG
SUC

CO2CO2

Norw
and and 

NPD
MiniMini
will
Norw

12/11/2010

s, Research Institutions

 FME in CO2 storage (Centre for 2 g (
vironment Friendly Energy research)

CCS   : 2009-2016, 22 partners CCS   : 2009 2016, 22 partners 
CCESS:  2009-2016, 8 partners

Storage Forum  chaired by NPDStorage Forum, chaired by NPD

wegian CO2 regulations on CO2 Storage
 Transport are in progress Transport,are in progress

D will give recommendations to The 
istry regarding where to store and whoistry regarding where to store- and who
be allowed to store CO2 offshore 
way.
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Safe storage of CO2

Storage depth
Traps
Seal
Storage capacity
Injectivity – pressure build up
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Scope
Safe storage of CO2

T
Safe storage of CO2

Storage of CO2 to be used 
in possible EHR projects

12.11.2010

Type
Saline aquiferesSaline aquiferes

Defined geological
structures

Ceased hydrocarbon fields

21
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E ti ti f CO tEstimation of CO2 stor

12.11.2010

lrage volume
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CO storage capacity oCO2 storage capacity o
(preliminary)

2008

offshore Norwayoffshore Norway

A Norwegian- UK initiative 2009



ur playground

D has access to all data collected
hore Norway

november 10



Ranking
Ranking criteria Choice

p  y

Defined trap
3 Effective seal
2 Seal present

lit
y To
ta
l t
ra
p

ef
fic
ie
nc
y 1 Lack of seal

Undefined trap
3 Effective unconventio

2

qu
a 2 Probable unconventio

1 Lack of seal

3 No trough-going fault
U t i t f t h

Faults 2
Uncertainty of trough
faults

1 Trough-going faults

3 Good porosity

Porosity

3 Good porosity
2 Possible good porosity

1 Insufficient/ no poros

qu
al
it
y

Permeability

3 Good permeability
2 Possible good permea

1 Insufficient/ no permeInsufficient/ no perme

D th t t i

3 > 800 m – 2500 m (3

2  600 Depth to top reservoir 2 > 600 m
1 shallower

Good data /quality L

g criteria
Definition/ comments

2 or more barriers, relevant thickness. 
1 barrier
Barrier not present

onal seal
2 or more barriers, relevant thickness. 
And extension

onal seal e.g. well integrity
Not present

ts No faults penetrates trough the seal
i  -going 

Uncertain interpretation
High risks of insufficient seal

Equal to or more x % or moreEqual to or more x % or more
y Based on known information

sity No proven effective porosity

Equal to or more than x mD.
ability Based on known information

eability No proven effective permeabilityeability No proven effective permeability

3000 m)

800 m below surface due to CO2 in supercritical
fluid phase. 2500 m (3000) for technologicall
reasons.
Depending on pressure and temperature data 
f  h  from the area
Unsuitable for storage, CO2 in gas phase

Limited data/ quality Poor data /quality



CO2 storage - NPDs

Evaluation of data coverage
and knowledge

Stratigraphy
( ese oi  and seal)

Not relevant depth

(reservoir and seal)

Reservoir or seal not 

Trap mechanismspresent

Too low porosity/ permeability

No adequate seal

Not suitable 
for CO2-for CO2
storage

CO
injec

s evaluation process

e 

Overview of basin/ aquifer/ 
structure

Ranking of 
reservoir/ 

Reservoir and seal 
Evaluation/ ranking

injectivity

Ranking of 
seal 

g

seal 
efficiency

Map potential 
storage area

Estimate 
storage 2 -
capacityction
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Dry-drilled geologic

12/11/2010

cal structures
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Utsira FormationUtsira Formation

Eidvin, Rasmussen m.fl. 2010



Johansen Formation

Quadrant M

31/32

Seal R
Type Effectivn

K 3

12.11.2010

K 3

Storagecapasi

Formation summary
Max thickness Porø. Perm. Seal trap

500 6000 mD
Dunlin

Gruppen (1) Stratigraphy
Ca 80 m 20-30 % 500- 6000 mD

(Well 31/2-3)
Gruppen (1) 
500 m sand/ 

shale (2)

g p y
2200-3500 m 

dyp

Ranking Reservoar ranking Conclusio
ness Faults Porosity Permeability Depth

2 3 3 3 Suitabl

33

2 3 3 3 Suitabl

ty Theoretical Effective

X… X…



Evaluation of CO2 seque
Frigg Field

10 Mil

50 Mil
november 10

estration in the 
d

lion Sm3/day: 8 Million tonns of CO2 for 55 years

lion Sm3/day: 3 Gtonns of CO2 for 85 years
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 ti ith th N cooperation with the No

12/11/2010

th S t iorth Sea countries

Initiated by the Norwegian and 
UK Energy Ministers in May 
2009

Identify the storage potential
for CO in the North Seafor CO2 in the North Sea

Estimate a likely CO2 storage
need for Europe

Identify plausible matches   of
sources and sinks

Id if h ll i hIdentify challenges with
regard to transport of CO2
across countries

Optimize CO2 transportation
infrastructure

37



One North Sea –One North Sea –

12/11/2010

– objective– objective

Initiated by the Norwegian
and UK Energy Ministers in 
May 2009

Identify the storage
potential for CO2 in the
North SeaNorth Sea

Estimate a likely CO2
storage need for Europe

Identify plausible matches 
of sources and sinks

Identify challenges with
regard to transport of CO2
across countries

Optimize CO2
transportation infrastructure

38



”O  N th S ” d”One North Sea” da

Storage capacity: based upon Geoca
project and data from Norwegian
Petroleum Directorate

Policies and initiatives to support CC
EU level and within Norway  UK  theEU level and within Norway, UK, the
Netherlands and Germany

Economic modelling of CCS demand

Analysis of legal and regulatory barr

Scenarios of investment in capture, 
transport and storage in 2030 and 2

CO2 transport and storage scenarios
networknetwork

Several stakeholder meetings

12/11/2010
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CO2 - transport (r

USA
Over 30 års erfaring medOver 30 års erfaring med
transport av CO2

rørledning)

Snøhvitfeltet
143 km lang rørledning på143 km lang rørledning på
havbunnen for transport og 
injeksjon av CO2j j 2



CO2 - transport  (
Existing technology

Yara

Available ship technology is not 
sufficient for transport of large 
volumes of CO2

( 0,5 tonnes CO2 per m3 )

Statoil

ship ? )
New technology

Statoil

Cold liquefied CO2

PPressurised ressurised NNatural atural GGas as -- PNG  CarriersPNG  Carriers
Prototype VesselPrototype Vessel

Knutsen OAS
Shipping Knutsen  PNGKnutsen  PNG

Pressurised liquefied CO2

pp g



L l d l tLegal and reulatory
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Before CO2 injection

Do risk assessment

Have a good monitor

Have a clear remedia
planp

And do a baseline insp

12/11/2010
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ring programme

ation and mitigation

pection
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Monitoring too

Sampling of seabed
sediments

12/11/2010

ols
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Monitoring of injected CO2 in

november 10

n the Utsira Formation



Pressure affected a

FaultFault

12/11/2010

area

CO2 injectorCO2 injector
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..and after termination
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of CO2- injection
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Role(s) of geoscie

Know your geology

T tTrap types

Trapping mechanismsTrapping mechanisms

Geological risk

Leakage rates

i l i kOperational risk

HSE riskHSE risk

12/11/2010

ences

GeologyGeology

Ph iPh iCh iCh i PhysicsPhysicsChemistryChemistry

EconomyEconomy
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Geologists in actio

Thanks fo
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