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Glopal stationary sources or CO,

Number of Facilities: Total 16164 Mt CO,/yr:
7949

Petrachemical

470

Petrochemical Other
Iron & Steel Iron & Steal 379 | 3 F:.-.E

169 -
Rafnenes

638

10,536

Cement praduction

932

(hl & gas

Processing

465

*Global emission :CO2/yr: 24 000 Mt

«Stationary sources: CO2/yr 16100 Mt

Number of Facilities: 8000

*Average emission from each facility: 2 Mt

«Stationary sources more than 60 % of all CO2 emissions

Source: IPCC, 2005






CO, Capture and Storage

North Sea;:

500 bill. ton
CO, storage
capacity

Huge
potential

for Enhanced
Oil Recovery




.

1) Industry/gas power

Main
assumptions

1) Net cost
- 15,20t/CO?

The CO, value chain

15% CO2 emission

()
-

2) NOCO Ltd

Oil price.  =USD 30 barrel
Gas price =NOKO0,98 Sm®
NOKUSD =6,5

NOK/EUR =8

WACC offshore atl2% pre-tax

2) Emission=0
cost due to
permit

2) Revenues

(152 + 189,1)

Op.ex
Net profit

IRR (total asset9

CO, value chain

CO2 deposit

3) CPETRO

CO; resevoir

NB! Value
creation

3) Revenues =123
Op.ex = (279
Opresult = (156

Qil/Gas production

4) Qil license

QOil reservoir

4) Revenues =561

State
. 78% of pretax profit
5) Oil anq Reduced CO 2 permit
gas price
 Pipeline License
22% of pretax profit
Op.Ex.
Employees
[ ] Suppliers etc .
Investments
Suppliers etc .

5) State revenues& costs

CPETRO = (156)
Tax(78%) 200
Reduced CQ permit =160

Net State CQ revenues= 204



Norwegian CO, challenges &
Karsto opportunities

3 large CO, capture
projects in
development.

Halten

BELLON

www.bellona.




European Technology Platform for Zero
Emission Fossil Fuel Power Plants (ZEP)

Vision statement:

[0 enable European fossil fuel power plants to have
Zero Emission of CO2 by 2020

and

Capture 30 Giga tons CO, before 2050




EU Technology Platform ZEP
(Zero Emission Fossil Fuel Power

Plants)

Advisory Council for European Commission



Potential Tor CO, Capture In the
EU

CO, emissions (no CCS) |
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Globally CO, Capture
Potential

P

ook

CO2 emission

emissions
today
CO»

CO» captured emissions

S in 2050

2010 2020 2030 2040 2050
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Trren Emivekon FowH Fusl Power Planty



The European Technology Platform
for Zero Emission Fossil Fuel Power
Plants (ZEP)
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Europe with CCS Infrastructure

L B 4-_!.-_

HELSIMKI

R ERs

darcelons

Valenciz
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Technologies where CCS is relevant

CO, capture from power
production, natural gas, coal,
petrochemical plants, cement

production, iron production Give carbon a decent buria

Must green groups are against it, but burying carban dioxide under the sea
w3l ifwie are 1o halt gobal warming, argue Frederic Hauge and Marius Ho

(omment and analysis

Production of H, for power
production and transport

Deep coal reservoirs that are
unmineable today

Low pressure gas

Source with to high CO, content
for fiscal sale

Biomass



Coal and CO, capture

Why coal combined with CCS:

High CO, content in flue gas
from coal power plants

Coal gasification for H,
production

CO, injection in deep mines to
produce methane

Co-firing with 20 - 90 %
biomass

Fig: Bio/Coal power plant



CO, capture and H, production

H, can be produced from
steam reforming of low
pressure methane gas:

Stranded gas
" Gasification of coal

" Injection of CO, to recover
methane from deep coal
mines

" Biogas

CO, from H, production can be captured and stored



Bio energy and CO, capture

Bio energy is CO, neutral ¢ B o\

Coal power plants can be fired with a
mix of coal and biomass

Power plants fired biomass

Biomass can be used for production of
methane or hydrogen

Biofuel should be produced with CCS




| €CTIN010gIes wWriere Ll o 15
relevant

High temperature fuel cells based on hydrogen
or methane is the most effective power
production

Will also be used in maritime sector

Low temperature fuel cells for onshore transport.
More than twice the efficiency of traditional
engines

Fuel cells based on hydrogen from on steam-
reformed biogas, stranded gas and gas from
coal

Hydrogen can be produced with CCS
technology




Putting Out the Fire -
Benefits

DECARBONISATION OF FOSSIL FUELS
TO ELECTRICITY AMD HYDROGEM

—

i o W R T




Coal Fires and CO,, Emissions

= 100-200 million ton coal lost annually due to coal fires in China

= 2-3 % of global CO, emissions -2

& Coal Field Fires

 Coal Mine Fires

Based on Kijk (1335, no. &, p. 29)




Putting out the fire in coal mines with
CCS

Furiiked Laas

f

Repenernior

%
-
il
:

Old method
New method:



Captured CO, used
as extinguishing gas
to coal mine fires

— 2 200 tons /day.

5000 t

3ellona Foundation and Sargas search partners in China fol
ommon future studies of using carbon capture technologie
0 put out coal mine fires.



CCS infrastructure - CO, capture, transport and storage

Gas for houshold

o and industry al o
F. Biomass .~ T \ A
-.:_‘;.‘_ o Gas T — Solargfanelplant
. A e - : : -
r__.f . Qil e —l
. _,.-*’j - Natural gas pierucmeme i. o
pe="" | +CO, capture co, Electricity : Industry
eneration/ .
io/coal/gas e §
A +CO, Future
capture

Mineral H, use

CO, geological Carbonation

storage —

¢ e mmsr, ERT R

Industrial uses

L]
f
1
L=

e

— ~ CO, geological trans (%r of
storage Ol |
= — - .\-

ilde: CO2CRC and IPCC
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Vartan Stockholm

Q SARGAS




Sargas demo plant

Purpose:

1. Demonstrate CO,
capture from a coal fired
power plant.

2. Demonstrate cleaning of
flue-gas and process to
avoid settlement of
particles

Q4 2007 at Vartan,
Stockholm

3. Process fine-tuning for
modular fabrication on
global scale

—

() SARGAS

|
=




Contributors

R iERctin

| ErngneeErnng

B Reaction Systems Engineerir
- Boston

Royal Institute of Technology
Stockholm

5P

PsiPro Kristiansand




400 MW Clean Coal power plant

4x100 MW Coal fired with CO2-capture

At Husnes, Norway

Location: Next to SgrAl Aluminum Work

Industrial Ownership :

Al -_-.'-__‘: » SgrAl 50/50 Alcan-Hydro Aluminiun
- R « Eramet Norway
» Tinfos Group

» Sargas

A "1 ' Target COE 6 US cents/kwh —incl. captur

llllll

Output per annum:
« 3,000 GWh Electricity
« 2.5 mill. ton CO,

[F= 5

Investment Decision 2008
= Ready 2011




Clean Power Solutions. Now.

400 MW Clean Coal power plant at Husnes

 Prelim.layout :

— 4 x 100 MW Step One

— Further 4 x 100 MW in Step
Two

— 5 mill tons CO2 p.a after
Step Two




Clean Power Solutions. Now.

400 MW Clean Coal power plant at Husnes

 Layout includes underground coal storage facility and Dust
free ship-to-shore discharge system




/Zero Emission Power off shore — TRIPP EL

Off shore units re-powered
with 95 % CO, captured

Compact plant;
200 MW = 11 000 tons load

New Energy supplied to N, e ol

UK and EUR - M b RS
% WSfired poWéf
= Production

CO2 used for EOR and later
deposit

Increased oll production,
and longer field life

UK EUR

Q) SARGAS




CERRERIGH

CO, from Vartan
to Sleipner




