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Outline of my talk

1 Why CCS & what are the current issues?

Climate issue
Reduce the CO2 content in the produced gas
Use CO2 for enhanced recovery

Find storage sites

2 Mapping of suitable CCS reservoir

Criteria & process of selection

Cross-boarder collaboration- challenges and solutions
Tools & capacities needed

Case studies

3 Role(s) of geosciences
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Norwegian Petroleum Directorate

Environment
Regulations
Preparedness

¢ Subordinate to the Ministry of
Petroleum and Energy (MPE)

¢+ Advisory body to the MPE
¢+ Exercise management authority
¢+ Established 1972 in Stavanger

¢ 220 employees; — engineers,
geologists, economist etc

The Norwegian Petroleum Directorate will
contribute in creating the greatest
possible value for society from oil
and gas activities by means of
prudent resource management,
based on safety, emergency
preparedness and safeguarding the
natural environment.
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Sources of Norwegian CO,
emissions, 2008

Other sources 7 %

Industry 2
Agriculture 8 % ————
Other mobile
sources 13 %
Petrols
activities 2

Road traffic 19 %

Total CO, emissions
ca. 45 million tonns/year




>S Potential: up to 20% of needed reductions

o .

Figure 1: CCS delivers one-fifth of the lowest-cost GHG

reduction solution in 2050
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Baseline emissions 62 Gt ——

BLUE Map emissions 14 Gt —— =

CCS industry and transformation 9%

CCS power generation 10%
Nuclear 6%

Renewables 21 %

Power generation efficiency
& fuel switching 7%

End-use fuel switching 11%

End-use electricity efficiency 12%

End-use fuel efficiency 24%
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Source: IRA, Energy Technology Perspectives (2008a).
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Internationally A0,

NPD

L

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

Testimonial

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

Energy Commissioner

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

perational by 2015

“We strongly support the recommendation '

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
beginning of broad deployment of CCS by
12.11.2010 2020.”

G8 Statement of June 2008
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TYPE OF CO, STORAGE OPERATION
+ Enhanced Oil Recovery 4@ Depleted oil field
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tOZ value chain ‘

CO; permit market Oil market
oto ~ Additional ol
2chanisms and ' If CO2 -enhanced

lission trading schemes recovery feasik




CCS — just expensive or
good value-creation?

v'Gas with high CO, content - Sales gas
specification (Sleipner, Snghvit)

v'Enhanced hydrocarbon recovery
v Increased industrial production

v Offer good quality storage sites — business
opportunities

..and reduce the CO, emission to air

Produced Oil

Enhanced oil recovery wit
“*long term CO, storage
in rock formation
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our Large CO2 Commercial Projects in Operation
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NPD

Sleipner, Norway

Operator: Statoil

1 million tonnes of
CO2lyear

In Salah, Algeria

Operators: BP, Statoil and
Sonatrach

0.8-1.2 million tonnes of
CO2/year

Snghvit, Norway

Operator:Statoil

0.7 million tonnes of
CO2/year
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Weyburn, Canada

Regina
Weyburn
Saskatchewan \ Canada Mz
UsA
Montana Morth Dakots

Beulah
CO-.

Operator: EnCana

1.8 million tonnes of
CO2/year



torage of CO, In the bedrock: an illustration

monifonng well
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2 .

'Sleipner CO, separation and Injection

CO, processing unit

started in 1996 — 10 year of CO2-injection in October 2006
>eparating and injecting nearly 1 mill. tons CO2 annually
>toring in saline aquifer above natural gas reservoir
river: the ~45US$/ton CO2-tax imposed in 1992

.earning and confidence building through a series of large EU-wide R&D
rograms




Sleipner case A

disposal reservoir
(Utsira Formation)

Sleipner West natural gas Sleipner East
reservoir-Methane + 9.5% CO. natural qas field

12/11/2010 13

natural gas reservoir
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Snghvit LNG with CCS | dr

iped CO2 separated from natural gas (5-8% CO2) in
nshore LNG plant, and re-injecting in sandstone
elow natural gas reservoir

45 km subsea pipeline transport.

CS started April 2008 — capacity 700,000 ton/yr




CO, to EOR dy

a technical potential in the Norwegian fields 1\‘%?1‘)

<

For 20 oilfields:150-300 million Sm?3 extra oil, 3-
7% (2005)
Need: 25 Mt CO,/year for 30 years

IF enough CO, could be made available at the
optimum time in their production life at
commercial conditions.
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Enhanced oil production at Weyburn

wsss Base Waterflood Production

Vertical Pr

— Herizental F
s Incremental Miscible Flood Production

Thousands bbl/d
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Based on collaboration with the
Petroleum industry
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NORWEGIAN PETROLEUM DIRECTORATE
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Wi d)
In cooperation with Universities, Research Institutions | N‘i"IiD
CLIMIT

Two FME in CO, storage (Centre for
Enevironment Friendly Energy research)

BIGCCS : 2009-2016, 22 partners
SUCCESS: 2009-2016, 8 partners

CO, Storage Forum, chaired by NPD

Norwegian CO, regulations on CO, Storag
and Transport,are in progress

NPD will give recommendations to The
Ministry regarding where to store- and wh
will be allowed to store CO, offshore
Norway.

19

W e e e e e e e e e e e e e e i i e,

@D




| Safe storage of CO, NPD

Storage depth

Traps

Seal

Storage capacity

Injectivit ressure build u
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] wpectitid |, o 7 Triple Point VAPOR
’ ‘ '

CO, Temperature and
Pressure diagram

Depth {km)
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Scope
¢+ Safe storage of CO,

¢+ Storage of CO, to be used
In possible EHR projects

Mae ca{cuiated on
OSity ang thickness

12.11.2010

Type

2

*

Saline aquiferes

Defined geological
structures

Ceased hydrocarbon fields

21



Deep saline aquifers

Mcoze = A X h X @ X progor* Seq

* Mecose: effective storage capacity

e A: area of trap or regional aquifer

 h: average height of aquifer x average net to gross rat
* O average reservoir porosity

* Pcozr- COz2 density at reservoir conditions

o Seﬁ = sweep efficiency (estimated)

Typical S_g ranges for structures: 5 — 40 %

Suggested S_g for regional aquifers: 2 %



IEsti mation of CO, storage volume
Conceptual model for open aquifers CREDhia" rlnondei for ciosed zmrui‘ersI I

Avaiiabie Snace USEQ sSpace

PO SR T e o

Available Space Used Space

.

. Freeco, / Spill point

/

Brine

- Storage space is generated by displacing existing fluids and distributing
pressure increase in surrounding aquifer system

- Storage volume = A - height - N/G - ¢ - S.q
- S.4 depends on connectivity to surrounding aquifer

- S.4 = Used space/Available space

Mcoy = A

Pcoor X Setr

* Mcose effective storage capacity High quality 40 % 20% 10%

- A: area of aquifer [remevalt

- h: height x net to gross ratio ’;:::ril:l‘:_‘w 207% 10% 5% <3%
" | d: average reservoir porosity

* pcoyr CO; density at reservoir conditions *Volume of bulk reservoir shall be 5-10 times the volume of the reservoir

— —— Fault

storage efficiency factor




CO, storage capacity offshore Norway ireg

(preliminary)

+ ONE NORTH SEA

A Norwegian- UK initiative 2009

Modelled Mt CO; storage capacity in saline aquifers
‘Total conservative European storage capacity is 117 Gt CO,

« 96 Gt in deep saline aquifers Country 2030 storage (Mt) | 2050 storage (Mt) Reference
« 20 Gt in hydrocarbon fields \ Denmark 16,672 GeoCapacity
* 1 Gt in unmineable coal beds Germany 27,120 GeoCapacity
Netherlands 438 GeoCapacity

\ Norway?’ 48,488 | 97,059 NPD
- . . GeoCapacit
25 % is storage capacity offshore Norway United Kingdorn 50,67 and SCCS (2% | —
efficiency)
153,689 | 202,260

7\
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Ranking criteria ,

o
LT3
Ranking criteria Choice Definition/ comments m
3 | Effective seal 2-or-more barriers.relevant thickness. NFPD
. ; .
o Defined trap 2 |Seal present 1 barrier
>
c 2 1 |Lack of seal Barrier not present
% .g 2 or more barriers, relevant thickness.
> B & ) 3 |Effective unconventional seal And extension
2 9 Undefined trap
Tsu 2 |Probable unconventional seal e.g. well integrity
o 1 |Lack of seal Not present
3 [No trough-going faults No faults penetrates trough the seal
Uncertainty of trough-going
Faults 2 |faults Uncertain interpretation
1 |Trough-going t High risks of insufficient seal
3 Equal to or more x % or more
. 2 od porosity Based on known information
Porosity
" ) ufficient/ no porosity No proven effective porosity
> 3 |Good permeability Equal to or more than x mD.
wfd
—_ . 2 |Possible good permeability Based on known information
g Permeability
o 1 | Insufficient/ no permeability No proven effective permeability
800 m below surface due to CO2 in supercritical
fluid phase. 2500 m (3000) for technologicall
3 [> 800 m — 2500 m (3000 m) reasons.
Depending on pressure and temperature data
Depth to top reservoir 2 |>600m from the area
1 |shallower

_ Good data /aualitv

Unsuitable for storage, CO2 in gas phase
Limited data/ aualitv— Poor data /aualit
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storage - NPDs evaluation process

Evaluation of data coverage
and knowledge
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Overview of basin/ aquifer/

Not relevant depth - Stratigraphy fruct
structure

| (reservoir and seal)
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reservoir/ = Evaluation/ ranking
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No adequate seal Ranking of

seal
efficiency

Map potential
storage area

Estimate

storage
capacity
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Boknfijord Group

sandnes Formation

Bryne Formation

Gassum Formartion
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smith Bank Formation
Rotliegende & Zechstein Groups

november 10

Cross-section 1

isl

10/5-1

™~
11/5-1
Metres m-t%
MD ]
e
Drax
line



2 U'IE"E 3 D’lD'E 4 Ulﬂ"E 5"U'ID"E

B OUE R
1

12/11/2010

Top of Skagerrak Fm
Depth in metres
® 145-800

© 801-2500

© 2501 -3000

@ 3001 -5000
Isochore of Skagerrak Fm
Thickness in metres

°© 16-20

QO 21-50

O 51- 1802

Skaggerrak Formation
Thickness

B ~0-100m

= >100-200m

| >200-300m

| >300-400m

S >400-500m

29



3 Cl'lﬂ"E 4 CI'ID"E S“D'lU'E & Giﬂ"E 7 UIIIJ‘E & UICI‘E ) ﬂ'lU'E

Top of Bryne Fm.
Depth in metres

@ 1310-2500

O 2501 - 3000

@ 3001-3373
Isochore of Bryne Fm.

Thickness in metres
o 11-20

Bryne Forrmation
Thickness

B >o0-50

] >50-100

~ |>1002

I >100-150
B =150

1 1 1 I I 1 T
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Dry-drilled geological structures

Triassic

12/11/2010

Quaternary glacial deposits
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Ptsira Formation aly

POST-EOCENE STRATIGRAPHY OF THE
NORTHERN NORTH SEA Rundberg
&
Age | pooh | Gr| Fm |2 i o N| Edvin
(Ma) poc B M gge Viking Graben Viking Graben 62°| (2005)
Pleistoc. — Peon Sand Mb —»——
XE é T: S| Mb —)-é
Plliocene 8 =2 ampen Spur
5 — (= =
9 ] -
<= . Glauconitic
Late % %E Southern Utsira Central Utsira Mb Norstlgﬁanhhj;swa Utsira Mb N2
Miocene = SE sand Mb g
10 — a' 9
Middl. g
ladle i LN-1
Miocene = Ve Sand Mb Hiatus
15
Early a Skade Sand Mb
20 — Miocene =1 UH-4
o]
| &
<
Ol =
Y ol UH3
‘ 25 Late =z 2
JOHANSEN Oligocene | < =
EORMATICY <L | <<
l.C‘?H.HTIL.N S3 Ul sand Mb Uhs
30 — Early g
Oligocene T
UH-1
S
Eocene [ =z
I
1121
2510-2
Mini-1 Frida-1
2812 2524105
locens [EE]
Oligocens sand 2] = Shiade
memeer . ——— -
T\ kT
2 —
-
3
D
[C] Do mavine sanastone. SR E
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Johansen Format
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Formation summary
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Quadrant Max thickness Porg. Perm. Seal trap
Dunlin Stratigraphy
500- 6000 mD Gruppen (1)
- 0, -
31/32 Ca 80 m 20-30 % (Well 31/2-3) 500 m sand/ 2200d3500 m
shale (2 yp
Seal Ranking Reservoar ranking Conclusic
Type Effectivhess Faults Porosity Permeability Depth
K 3 2 3 3 3 Suitabl
Storagecapasity Theoretical Effective
X... X...

; \ R T TR L ) (111 ot



Evaluation of CO, sequestration in the o
Frigg Field A

—

Gas saturations through massive injection and production

I CO, injuction phase _>

2015 2050 I 2100

CO, production phase

2250

10 Million Sm3/day: 8 Million tonns of CO, for 55 years

50 Million Sm3/day: 3 Gtonns of CO2 for 85 years




35



NORTH SEA BASIN TASK FORCE

Q Bundesministerium
b e ENERGY
OL)E- OG ENERGIDEPARTEMENTET d h i el T . "
\.I--eq--ql Hl-_:.-- --J.-.-\::;n vl L nargy - - nnlogm m R]ik}':"\ erheld h u CL|MAT - CHAH G E

The aims of the North Sea Basin Task
Force are to develop broad, common
principles that could form a basis for
regulating the storage of CO:under
the North Sea and to provide a
consistent basis for managing this
activity.

12/11/2010 36
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| cooperation with the North Sea countries| 4o
' ‘ NPD

One
North
Sea

A study info North Sea
cross-border CO; transport
and storage

Raport for: On behalf of:
Trua Nomaryyen Ministry of Petroleun and Enangy The Morth Saa Basin Task Force
Tha UK Foreign and Commorwealth Office wwanLnsbif.org

elementenergy

WA DR T O L

Initiated by the Norwegian and
UK Energy Ministers in May
2009

+ ldentify the storage potential
for CO, in the North Sea

¢+ Estimate a likely CO, storage
need for Europe

¢+ ldentify plausible matches of
sources and sinks

+ ldentify challenges with
regard to transport of CO,
across countries

¢+ Optimize CO, transportation
infrastructure
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NPD

<

A ‘One North Sea’ vision Initiated by the Norwegian
Depletad and UK Energy Ministers in

hydrocarbon
field or May 2009
Decarbonised CO. pipeline  aquifer Enhanced C0O. pipeline

electricity for oil recovery
homes &

businesses o + ldentify the storage
potential for CO, in the
North Sea

¢+ Estimate a likely CO,
storage need for Europe

One North Sea — objective
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Identify plausible matches
of sources and sinks

¢+ ldentify challenges with
regard to transport of CO,
across countries

_%__-______

NATIONAL
BOUNDARY

¢+ Optimize CO,
transportation infrastructure

12/11/2010 38



AN

”One North Sea” database I ON

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

Policies and initiatives to support CCS at
EU level and within Norway, UK, the
Netherlands and Germany

Economic modelling of CCS demand
Analysis of legal and regulatory barriers

Scenarios of investment in capture,
transport and storage in 2030 and 2050

CO, transport and storage scenarios ande
network )

Several stakeholder meetings

12/11/2010 39



summary of the market and policy combinations in 2030 used as inputs for the Classic Carbon mode
Driving force Mandatory Competitive Fragile
Power demand High Business as usual Business as usual
Renewables 90% of 2020 target 90% of 2020 target 100% of 2020 target
CO, cap 30% reduction 40% reduction 25% reduction
2 relative to 1990 relative to 1990 relative to 1990
35% reduction 25% reduction 20% reduction
CCS costs relative to 2008 relative to 2008 relative to 2008
ggrﬁlltef clency 6% gas, 8% coal 8% gas, 10% coal 8% gas, 10% coal
Gas prices $19/MWh $22MWh $27/MWh
Coal prices $70/tonne $70/tonne $70/tonne
Known investments Known and new Known investments
Nuclear only investments only
Mandatory CCS Neu;:;érr]xe%rgg 1k None None
|

12/11/2010
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Legend

Sinks

30 year annual
capacity (Mt/yr)

s <25

a 2.5-5

o 5-10

o 10-15

O 15-20

O 20-50

O 50+

Sources

@ Power sector source
= = = 2020 Demonstrations

=== 2030 Source-sink
| matches

Large uncertainty

» over pipeline routes
and CO, injection
locations

12/11/2010
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Legend -
Sinks
30 year annual

capacity (Mt/yr)

o <25
o 2.5-5
o 5-10
© 10-15
O 15-20
© 20-50
O 50+

Source clusters 2030

@ Power sector source
@ Industrial Sources

12/11/2010
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Legend -
2050 Sinks
30 year annual

capacity (Mt/yr)

o <25

o 255

o 5-10

© 10-15 4 o=

© 15-20 s 0 15 Mt/yr
o S

O 20-50 ///‘/‘//}:E. 3

O 50+ ‘ V07 TN
Source clusters 2030 s

@
-

o . —
o B0 \
@ Power sector source <8 ‘e 43 Mt/yr

@ Industrial Sources Yaas ... : ZW/./
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Transport network topologies A0
L NPD

A) Point-to-point B) Shared pipeline “ ¢

C) Shared rights-of-way “ D) Shipping “

o

o

=
e

=
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CO, - transport (rgrledning) A9,

USA
Over 30 ars erfaring med
transport av CO,

Snghvitfeltet

143 km lang rarledning pa
havbunnen for transport og
Injeksjon av CO,



CO, - transport (ship ? )

=

Existing technology

Available ship technology is not
sufficient for transport of large
volumes of CO,

(0,5 tonnes CO, per m?)

New technology

Statoil

Cold Ilquefled CO,

Pressurised Natural Gas - PNG Carrlers
Prototype Vessel, =

. S

e
Knutsen PNG

Pressurised Ilquefled CO,



|Legal and reulatory issues

=

12/11/2

COUNTRY (B)

EU CCS Directive
National regulations

Cross-border challenges

L ]

Legal rights to transport CO2 across
borders

Regulation of cross-border transport of
captured CO2

Storage camplex spanning national
boundaries

Cross border impacts from storage
operation

Emissions accounting

Mechanism to facilitate cross-border
project development



Before CO, injection | a2

¢ Do risk assessment
* Have a good monitoring programme

¢+ Have a clear remediation and mitigation
plan

And do a baseline inspection

1111111111



Offshore gravity surveys

Offshore seismic survey

o ~ Sampling of seabed
sediments
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| ..and after termination of CO,- injection

Top seal

Free phase CO, =

Mineral Trap

Convective
Flow

Solubility Trap

Increasing security

Residual Trap

Injection Period Post-injection
(20 - 40 years) (hundreds of years) (thousands of

52
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Role(s) of geosciences 4O,

NPD

* Know your geology

* Trap types

¢ Trapping mechanisms

+ Geological risk

+ | eakage rates
+ Operational risk

* HSE risk




eologists in action L2




