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Overview

C t t f E C ti• Context from an Energy Company perspective

• CO2 Capture and Geological Storage

•What is BP doing?

• Sustainable deployment of CCS
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Solutions to Climate Change: Stabilization 
Wedges

Billions of Tons  
Carbon Dioxide 
Emitted per Year

60 16 GtC/y
Emitted per Year

Eight “wedges”

Flat path
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BP Wedges in a stabilisation triangle

Wedges Detail Feasibility

Double fuel efficiency of 2 billion cars from 30 to 60
There are 600 million cars in the world today, Projection is 2 billion by 

2054Efficiency Double fuel efficiency of 2 billion cars from 30 to 60 
mpg 

2054. 

1 wedge  Double the average fuel efficiency of the fleet.

Fuel Switching
Replace 1400 coal electric plants with natural gas‐
powered facilities 
(Adding an amount in 2054 almost equal to today’s

1 wedge  bringing one Alaska pipeline on line every year for 50 
years; or

(Adding an amount in 2054 almost equal to today s 
world gas usage) 1 wedge  50 large LNG tankers docking and discharging every day

Carbon capture 
and storage

Capture AND store emissions from 800 coal electric 
plants 

1 wedge  3500 In Salah developments (each need to last through to 
2054)

Nuclear Add double the current global nuclear capacity to 
replace coal‐based electricity

400 nuclear plants today, 1 wedge  adding 700more in the next 50 
years

Wind Increase wind electricity capacity by 50 times relative 
to today, for a total of 2 million large windmills 1 wedge  windmills on an area approx 4 times that of UK

Solar Use 40,000 square kms of solar panels to produce 
hydrogen for fuel cell cars 

1 wedge  solar panels covering area 230 times the area of London 
(1/12 size of UK)
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Natural sinks
Eliminate tropical deforestation AND create new 
plantations on non‐forested land to quintuple current 
plantation area

1 wedge  new plantations with a total area 25 times that of the UK



CO2 emission targets cannot be achieved without CCS

Ri i d d t• Rising energy demand cannot
be met by Renewables alone

• CO2 emission targets cannot 2 g
be met by Renewables & 
energy efficiency alone

• CCS can make a significantCCS can make a significant
contribution to reducing CO2
emissions by 2030 (& beyond);

• €60bn more without CCS
• Carbon price 46% higher• Carbon price 46% higher
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CCS is a key solution for combating climate change 
……. a critical element within a portfolio of solutions 

IEA Energy Technology Perspectives, June 2008



CO2 capture and storage system

Fuels
Conversion with 
CO2 captureFuels 2 p

CO StCO2 Storage
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What is carbon capture and storage?

prepre 
combustio
n capture

depleted
oil and gas 
reservoirs

oxy‐fuel transportation
EOR

saline 
formationpost 

combustio
n capture

competitive but complex projects

ap u e
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...competitive but complex projects



State of play of CO2 capture & storage

CO2 Capture & Storage is ready for deployment now and is suited to large stationary 
point sources of CO2 from power generation, industry and H2 production.

CO2 Capture
√ Post‐Combustion

•Pre‐Combustion 

Geological Storage
√ Enhanced Oil Recovery  

√ Saline Aquifer Formations

Transport
√ Pipelines

• Shipse o u io

•Oxyfuels

•$60‐100+/Tonne CO2

√ Saline Aquifer Formations

√Depleted Oil/Gas Reservoirs

•Enhanced Coal Bed Methane

• $4‐20/t CO2High Purity Sources

ip

• $ Depends distance

$4 20/t CO2g y
•Already separated 

•Hi Concentration

√ Amines, Membranes, H2, , 2

•$2‐10/t CO2
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Hydrogen Energy ‐ a fuel supplier

H storage chemicalpower
plants

H t k

H2 storage
refinerie

s
fuel stations

chemical
plants

post

H2 network

Hydrogen 
Energy

gas

petcoke

coal post–
combustion 

capture

Energy 
gasification 

plants

coal

EOR

CO2 network
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CO2 is stored in rock

CO2 would be retained within the pore‐spaces of the rock, deep underground
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CO2 would be retained within the pore spaces of the rock, deep underground



CO2 storage via EOR

……. Getting CO2 Storage started
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CO2 Injection and Storage Activities

Snohvit

4 New CO2-EOR Pilots in 
Canada

50 Acid Gas 
injection sites in 
North America Snohvit

4 New CO2-EOR Pilots in 
Canada

50 Acid Gas 
injection sites in 
North America

QinshuiBasin

Sleipner

Sibilla
RECOPOL

CO2 SINK

K-12B

Mountaineer
Weyburn

Penn West
Alberta ECBM

Teapot Dome QinshuiBasin

Sleipner

Sibilla
RECOPOL

CO2 SINK

K-12B

Mountaineer
Weyburn

Penn West
Alberta ECBM

Teapot Dome
NagaokaQinshuiBasin

In SalahFrio

West Pearl Queen
Teapot Dome

Rangely
Burlington

NagaokaQinshuiBasin

In SalahFrio

West Pearl Queen
Teapot Dome

Rangely
Burlington

70 CO2-EOR 
projects in U.S.A.
70 CO2-EOR 
projects in U.S.A.

Key

ECBM projects

EOR projects

Cerro Fortunoso

Gorgon
Depleted Oil Field

OtwayBasin

Key

ECBM projects

EOR projects

Cerro Fortunoso

Gorgon
Depleted Oil Field

OtwayBasin
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EOR projects

Gas production Fields 

Saline aquifier LNG

EOR projects

Gas production Fields 

Saline aquifier LNG



What is BP doing?‐ BP CCS technology program

Research

Source‐sink matching
CO2CRC EUGeocapacity

Industry / Academic 
I CO2CRC, EUGeocapacity, 

Coach, US Regional partnerships
Public policy support

CSLF, ECCP, EU‐ZEPP
Assurance framework

CO2CRC CSLF IMCO2 WRI

Initiatives

In Salah Gas, Algeria CO2CRC, CSLF, IMCO2, WRI
3rd Party Demonstrations

Sleipner, Weyburn, 
CO2Remove, Ottway Basin

Technical Demonstrations

, g

Industrial Scale 
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Projects

California H2P Abu Dhabi H2P



CO2 Capture Project (CCP)

14



I� S���� CO

2

S������ P�������  A������

CO2 storage at Krechba
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Amine CO2 
Removal

Processing Facilities

Amine CO2 
Removal

Processing Facilities

Amine CO2 
Removal

Processing Facilities

Amine CO2 
Removal

Processing Facilities

Amine CO2 
Removal

Algiers

Tangiers

Lisbon

Cordoba

Cartagena

S P A I N

Skikda
Tunis

Cretaceous Sandstones & 
Mudstones ~900 metres 
thick (Regional Aquifer) 4 Gas 

Production 
Wells

3 CO2
Injection 

Wells

Processing Facilities

Cretaceous Sandstones & 
Mudstones ~900 metres 
thick (Regional Aquifer) 4 Gas 

Production 
Wells

3 CO2
Injection 

Wells

Processing Facilities

Cretaceous Sandstones & 
Mudstones ~900 metres 
thick (Regional Aquifer) 4 Gas 

Production 
Wells

3 CO2
Injection 

Wells

Processing Facilities

Cretaceous Sandstones & 
Mudstones ~900 metres 
thick (Regional Aquifer) 4 Gas 

Production 
Wells

3 CO2
Injection 

Wells

Processing Facilities

Cretaceous Sandstones & 
Mudstones ~900 metres 
thick (Regional Aquifer) 4 Gas 

Production 
Wells

3 CO2
Injection 

Wells

Processing Facilities

Proposed ISG Pipeline
REB

Hassi Bir
Rekaiz

Hassi Messaoud

Hassi R’Mel

M O R O C C O

Carboniferous Reservoir 
~20 metres thick

Carboniferous Mudstones 
~950 metres thick

Carboniferous Reservoir 
~20 metres thick

Carboniferous Mudstones 
~950 metres thick

Carboniferous Reservoir 
~20 metres thick

Carboniferous Mudstones 
~950 metres thick

Carboniferous Reservoir 
~20 metres thick

Carboniferous Mudstones 
~950 metres thick

Carboniferous Reservoir 
~20 metres thick

Carboniferous Mudstones 
~950 metres thick

Krechba

Teg

Reg

Garet el
Befinat Hassi Moumene
In Salah

Gour Mahmoud
Tiguentourine (BP)

A L G E R I A L I B Y A

Gas

Water

The CO2 Storage Scheme 
at Krechba

Gas

Water

The CO2 Storage Scheme 
at Krechba

Gas

Water

Gas

Water

Gas

Water

The CO2 Storage Scheme 
at Krechba

02151093

MAURITANIA M A L I

N I G E R

I� S���� G�� P������

• Industrial Scale Demonstration of CO2 Geological Storage (Conventional Capture)
• Storage Formation is very similar to the North Sea (USA & China)

S d S i A 2004

Climate Change Milestones
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• Started Storage in August 2004
• 1mmtpa CO2 Stored (17mm tonnes total)
• $100mm Incremental Cost for Storage, No commercial benefit
• Test‐bed for CO2 Monitoring Technologies $30mm Research Project



CO2 storage infrastructure

50mmscf/d CO2

(1mmtpa)(1mmtpa)

Compression

Transportation 

Injection

Storage
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Hydrogen Power Project, Abu Dhabi

Project 

• Expected to be the world’s first• Expected to be the world s first 
power plant powered by 
hydrogen derived from natural 
gas

• Delivered CO2 could replaceDelivered CO2 could replace 
natural gas for Enhanced Oil 
Recovery

• Project Sanction Milestone 2010 
& commissioning in 2013& commissioning in 2013

Climate Change Milestones

• 400 MW of low‐carbon electricity = 5% of Abu Dhabi’s capacity

• 1.7 mmtpa CO2 captured = decarbonizing Abu Dhabi’s transport sector

• CO will be used for Enhanced Oil Recovery (EOR) and ultimately stored
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• CO2 will be used for Enhanced Oil Recovery (EOR) and ultimately stored

• Secure geological storage of CO2
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Hydrogen Energy California Project

Project

• Uses gasification• Uses gasification 
technology to convert 
solid fuels into hydrogen 
for low carbon power 
generation with carbongeneration with carbon 
capture and storage.

• Project Sanction 
Milestone 2011 & 
potential start‐up in 2014potential start‐up in 2014

Climate Change Milestones

• 250 MW of hydrogen‐generated electricity ‐ enough to power 150,000 California homes

• Capture 2 million tpa of CO2   for enhanced oil recovery (EOR) and long term storage in 
Kern County California
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Kern County, California 

• Lowest CO2 emissions in the world for an IGCC plant due to 90% capture



An EU Demonstration Programme Gives CCS
a ~10 Year Head‐Start

Objective:Objective:
Enable commercial availability 

of CCS by 2020

Case
No demonstration programme
Demo projects

2008 20152010 2020 2025 2030

No substantial demo projects in Europep j

Early commercial Project

No substantial demo projects in Europe

EU demonstration programme

Demo Projects

Early commercial Project 7 – 13 years

Target - demo 
operational

Target – operational
at commercial scale
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Sustainable Deployment of CCS
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Early Projects Require Funding to Fill the Economic Gap

80

90
€/tonne CO2

CCS not 
currently  

Estimated costs of CCS Commercial 
phase:
CCS expected to

60

70

no
m

ic
 

ap

economically 
viable.  Public 
contribution 
necessary for 

CCS expected to 
be commercially 
viable, as costs and 
CO2 price reach 
similar levels

30

40

50
Ec

on gsome portion

Expectation is  
nth plant costs 

similar levels

10

20
will be highly 
cost 
competitive 
with other low 

Carbon price forecast; impact 
of new policy not included

0

DEMO 
PHASE 
(~4GW)

EARLY COMMERCIAL 
PHASE 

(~20 GW installed capacity)

MATURE COMMERCIAL 
PHASE 

(~ 80 GW installed capacity)

carbon 
sources of 
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