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Why CCS?

Can we
avoid the
TIPPING
POINTS
beyond
which
climate
change
comes out
of control?
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Current temperature increase

0.75 C

Al

Climate change is already having a lethal effect on
human beings, our livelihoods and infrastructure, and

the ecosystems all life depends upon



GISS Surface Temperature Analysis

Sources snd parameters: GHCN_GISS_HR2SST_1200km_Anom0112_2010_2010_1951_1980

Note: Gray areag signify missing data.
Note Ocean dala are nol used over land nor within 100km of a reporting land station Global Land-Ocean Temperaturc Index
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A question of great RISK

RISK =

probability x consequence

Equilibrium global mean temperature increase above preindustrial
‘ —r-18

Temperature increase (°C)
Temperature increase (°F)
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GHG concentration stabilization level (ppm CO, eq)

www.metoffice.gov.uk/hadobs
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In the meanwhile...

Emissions have increased by 3 percent per year since 2000

Global energy demand is projected to increase by 40% by 2030 (IPCC 2007) and by 45% by 2035 (WEO 2010)
with current policies.

Atmospheric CO2 concentrations should not exceed 350 parts per million (ppm). We are already at 394.35
ppm, increasing at 2.5 ppm per year

IPCC: stabilisation temperature at >3 C up

80-90% of global energy production is based on fossil fuel 2/3 of the global population requires greater access
to energy in order to raise their standard of living

Global CO2 emissions from the energy sector
« have increased by 40% from 1990 to 2008 (coal use by 52%)
« are projected to increase by 65% from 1990 to 2020 and by 92% from 1990 to 20301

Fossil fuels remain the dominant source of primary energy worldwide. They account for more than 3/4 of the
overall increase in energy use between 2007 and 2030

The net emission transfers via international trade from developing to developed countries increased from 0.4
Gt COz2 in 1990 to 1.6 Gt CO2 in 2008, which exceeds the Kyoto Protocol emission reductions (Petersa et al
201T)



== Met Office The impact of a global temperature rise of 4'C (7 F) @ HM Government




A GLOBAL problem




* Climate change is happening more rapidly than
anyone thought possible. Should humankind stop
worrying about global warming and instead start
panicking? My conclusion is that we are still left
with a fair chance to hold the 2°C line, yet the race
between climate dynamics and climate policy will
be a close one.”

Hans Joachim Schellnhuber — Founding Director, Potsdam Institute for Climate Impact Research (PIK);
Member, Intergovernmental Panel on Climate Change (IPCC)
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World primary energy consumption fell by 1.1% in 2008, the first decline since 1982. Consumption was weaker than average in all regions. While cil remains

the leading fuel (accounting for 34.8% of global primary energy consumption), it continues to lose market share. Coal’s share of global energy consumption
was the highest since 1970,

BP statistical review 2010
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World primary energy consumption fell by 1.1% in 2008, the first decline since 1982, Consumption was weaker than average in all regions. While il remains
the leading fuel (accounting for 34.8% of global primary energy consumption). it continues to lose market share. Coal’s share of global energy consumption
was the highest since 1970,
BP statistical rawiew 2010

IEA writes down demand (see WEO
from 2004 to 2011) and IHS does not
talk about oil peak anymore, but a
peak in energy demand



The scale of the challenge

« Asia Pacific consumption
2009 = approx. 3 300 Mt coal

« Asia Pacific proven reserves =
260 000 Mt coal (of which 156
000 is antracite and
bituminous coal)

« Even if you double the
consumption that's proven
reserves for 40 years ..

"King Coal"
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World electricity generation (%) in 1990
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World electricity generation (%) in 2008
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FI’OI’I’I fDSSi.]. ﬁlels 1990 2008 1990 2008 wur.lf e_lni?:l_:ﬂv nnetat_i\:aun\::%] (%) in 1990

Total CO2 20924 29260 Of total Of total o
Coal 8296 12579 40 % 43 % ,,,,,,,
oil 8805 10805 42 % 37% ~=~
Gas 3823 5875 18 % 20%
Total CO2 emissions (Mt) 1990 Total CO2 emissions (Mt) 2008
World :Ie:t‘rlc::r’gu:nemion (TWh) (34) 2008

lf you correct for GDP, populatlon or any other
parametre the picture is very different ...



World electricity generation (TWh) (%) in 1990
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Financial crisis and job losses

The Green Economy Initiative and the
Global Green New Deal

Unsustainable practices leads
to unsustainable jobs

Assessing growth in
green & decent jobs

Need to create lasting jobs for a
growing global work force

source: Eric Usher, UNDP
WWW.Unep.org/greeneconomy



Sustainable

development is . n a
urgently needed

1,6 billion without
access to electricity

2,5 billion rely on cow dung
or firewood for cooking

80% live on less than $3/day

Supporied by a decreasing
resource base

1 billion new workers
in the next 10 years
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Global Loss of Fisheries...
Human Welfare Impact

L Opan Access & Perverse Subsidies
are kiry drivers of the loss of fisharies

[ Hall of wild marine fisheries are Tully
exploited, with a further quarter
alraady aver-#x ploited

Dt risk ; § §0-200 biWon imcome from
the seches

Ll it mik © gst, 27 milion fobs

O but st impoveant of oll....

atrisk : Health ... over o billion rely on fish as their main or sole source of
animal protein, especiolly in developing countries.
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Ecosystem Losses & Poverty
“GDP of the Poor™ is most seriously impacted by
eoosystem losses,,

India Example: 480 Million people earn their livelihood mainly in small farming,
animal husbandry, informal forestry, fisheries ...

%

Ecosystem services f classical 7.3%
GDP
Ecosystemservices /
“GOP of the Poor” 57 %

Saurce: GIST's Grean Accaunting bor indlan
Stated Project, 2002-03dsts

Life-supporting
ecosystems in danger



We need to solve many problems in one!

Mitigate dangerous climate change by drastically and
quickly reducing greenhouse gas emissions

Adapt infrastructure and livelihoods to tackle unavoidable climate change
Protect ecosystems and biodiversity & secure access to food and water

Create jobs & enable sustainable, economic development

Improve air quality & protect human health

Avoid the unmanagable - and manage the unaveidable



Coal power plants

Refineries

COy sources

Cement kilns Pulp and paper

(;as power pl ants Iron/steel factories

Chemicals




Energy

Related CO: Non-Energy
79.9% CO:
3.0%

Methane
; 9.5%
Which Nitrous Oxide
gases are \ 5.8%
we talking HFCs, PFCs o
about? & SFs etrochemica
1.8% Iron & Steel 379

Data from IEA GHG databases  ganeres 4

798
Cement production
932




Petrochemical ~ Other ¢ 'Y

lron & Steel 379 33 Power +
; (Coal, gas, oil + others) -
) Rafineries 04 | 10,536
798

Cement production

932

And where do th m?

Oil & gas

processing

2,841 —

s CQ /yr)

Emissions (Mt CO,lyr)




Industrial 16
processes

8%

Power stations
21.3%

Transportation fuels

14.0% Waste disposal
and treatment
3.4%
Agricultural 12 5% Land use and
byproducts 10.0%

biomass burning

Fossil fuel retrieval, 10.3% Residential,commercial,

processing, and distribution 11.3% and other sources
20.6% 29.5% 40.0% 62.0%
1.1%
8.4% 4.8% 213?’/:/6
19.2% 9.1% s 6.6% 5.9%
12.9% 29.6% "18.1% 26.0%
Carbon Dioxide Methane Nitrous Oxide

(729 of total) (18% of total) (99 of total)



Total greenhouse gas emissions by sector in EU-27, 2008

Waste

Agriculture 2.8 %
9.6 % Energy

production

31.1 %

Industrial
processes
8.3 %

Fugitive
emissions
1.7 %

Households/J
services

14.5 % _
Manufacturing/

construction
12.4 %

Transport *
19.6 %

* Excludes international aviation and shipping EEA

(6 % of total GHG emissions)




The greatest CO2
source is coal power

B
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=treats the sympinm, not the

Business as Usual

Irveuments in csal

f o How is CCS typically
‘Greenwashing

e understood e

Competes with and reduces investments in

renewable energy
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Expenswe'







End-of-pipe solution

-treats the symptom, not the root cause



A bad excuse for

investments in coal
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Competes with and reduces investments in

renewable energy

- postpones the transition to sustainable energy



Expensive!

Why spend tax payer == S 2
money to help the 3
richest companies?
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+ From 1gg6 « > 1 Mr CO2

+ Commercia! imvestmens driven by COz tax oo NCS

« Safine fin storage st

= vwell - hoetomtal - approx 1 Meyr

raring 13-4 year?)

s abaus 5% CO2 price to ceaning 1004 > 3MECO2
No “commercial” drivers - suppdried by .. CSLF, DOE and EUJ
Satellite momitaring (month - yéur™

 Sclank roehisring iAo
o Seby s wedbxcads - el - be nes ser g
.
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« From 2012 - > tot capucity 100 ono t CO2
= Demonstration project
« Only capture - from CHP plant + rafineri - post-combustion

wry bos prasan

« Snce oo - goalls 1zo,000 1 CO2

« Pllot progect - coly 2 year period - no commeraal drivers?
» Seismic, sotl monitoning, surface CO2 detectons, mocroseiemic, optscal fihres etc « Since 2008« maore than 43500 ¢t of food grade COa

o Oxvfued JoMW - 22 km tramsgort . wch poopea - CO2 ank

pleted gas field . sonmg wells, seismic and surface COn detectors

walls

o 1000 [ COL froue Schwarze Pumpe on is way (eaal power plant)
« Track transport

CQO,capture and storage projects

+» Commeraal dovers - COz2 - FOR - extended litetane
» Soil momitoring (test peopect wntill 2005) + setsmic
+ 371 mjection wells {slternating™)

Note: more than soo CO2-EOR projects n the woeld.



e From 2012 - > tot capacity 100 ooo t CO2
e Demonstration project

e Only capture - from CHP plant + rafineri - post-combustion



e From 1996 - > 11 Mt CO2

« Commercial investment driven by COz2 tax on NCS
« Saline fm storage sst

« 1 well - horizontal - approx. 1 Mt/yr

« Seismic monitoring (3-4 year?)

« Gas contains about 9.5% COz2 prior to cleaning From 2004 - >3 Mt CO2

No "commercial” drivers - suppdrted by e.g. CSLF, DOE and EU
Satellite monitoring (month - year?)

3 wells

In Salah, Algeria




MELKOYA

SNOHVIT;

« From 2008 - > 0.7 Mt/yr is annual capacity, but is running much lower
» Commercial and technical drivers - CO2 tax and to prevent freeze-out
during the LNG cooling process (produced gas is between 5% and 8%

CO2)
 Seismic monitoring (3-4 year?)
» Sub-sea well-heads - 1 well - maybe new one coming
» Saline formation
» Very tight sst - very low primary k



» Since 2010 - goal is 120,000 t CO2

« Pilot project - only 2 year period - no commercial drivers?

« Seismic, soil monitoring, surface CO2 detectors, microseismic, optical fibres etc
« Oxyfuel 30MW - 27 km transport

« Depleted gas field




test site Ketzin, September 2008
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« Since 2008 - more than 48,500 t of food grade CO2

Research project - COz2 sink

2 monitoring wells, seismic and surface COz2 detectors

2 injection wells

2,000 t of CO2 from Schwarze Pumpe on its way (coal power plant)
 Truck transport



« Since 2000 - > approx. so00t/d

« Commercial drivers - COz2 - EOR - extended lifetime
« Soil monitoring (test project untill 2005) + seismic

« 171 injection wells (alternating?)



EU

« Member States have put forward to the E1B
roughly half of the proposals submitted to them on
9 March

« 13 CCS proposals selected for 2nd stage from 22
received for a 'desired’ portfolio of 8 CCS projects

« 250 MW demonstration is lower limit for power
plants and 500 ktCO2 stored per year for industrial
emission sources

« 65 RES proposals selected from 131 received for a
'desired’ portfolio of 34 projects

« In CCS, competition will be highest for the power
post combustion category: 6 proposals for 2 places
in the portfolio. In the pre-combustion category
there are 3 proposals for 2 places, whereas in
oxyfuel and industrial applications there are 2
proposals for 2 places in each category

| ccsprojects |

Gormamy [ 1|
taly

Netherlnds | 1 |
ond [ 1 |
R S
Tatal . | 92 |




Figure 2:3D seismic survey, showing acquisition vessel and subsurface ‘cube’ of data (Images
courtesy of Statoil, Veritas and BP).







Transportation
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The dissolved COz2 reacts chemically
with the minerals in the formation or
structural traps or in pores in the rock hydrocarbon) adsorb on their surface

Immobilising COz in a gaseous or CO2 is dissolved and immobilised in
supercritical phase. COz2 is trapped in fluids in the formation (water or




Main 1ssues

o Currently not economic

e ...or mandatory

e Politics matter

o Industry seek
improvement in:

o energy efficiency (lower
energy penalty)

 concentrated flue gases

e costs (capture and
monitoring)

e ship transport



CAN be SOLVED!

Solutions...
Thousands of solutions!



what we

Here's '

should

DOe




ldentify and understand the problem

Investments
+ Finances

FINANS

Marked,
Media, Info +
Education

SOCIETY

Aceptance, |
incentives
&
implementation

Demo’s,
Production
+ Infrastructur

INDUSTRY

Find, develop and present solutions

N suh
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¥ | Focus on incentives and

implementation



Capture and store CO,
from large point sources

Coal power plants

Refineries
Palp and paper

Gas power plants Cement kilns

Tron'steel facwories

www.bellona.org/ccs



Lifestyle change

What makes us happy?




Smarter energy systems
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Protect forests and wetlands
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www.saharaforestproject.com



Save energy... and money!
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How much CCS is needed?

Figure 4: Global deployment of CCS 2010-2050
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Figure 1: CCS delivers one-fifth of the lowest-cost GHG
reduction solution in 2050
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CS is needed?

Figure 4: Global deployment of CCS 2010-2050
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CCS is only part of
the solution




Is public

ENTHUSIASM

for CCS possible?



Go for

proactlve

enthusiasm!



Don't pretend it's

EASY

if it isn't



Social Process

Planning

* Conceptual
communication st

* Prefiminary social
characterization

* Setting up the public
information campaign

Be prepared!

Construction ’

* Conducting the public
information campaign

* Direct engagement with
local stakeholders

* Construction of public .

support

storage risk
« Social permit to
operate
isits to sites
* Monitoring

ANwEIAIAARME 4 F UsvOoo

Planning

al studies and

portfolic

¢ Engineering studies

Operation

« Acceptance of the

Construction

* Construction of the plant
+ Construction of the CO,

Operation

* Operation permit
* Start operation

¢ Start CO, Injection
* Construction of the * Monitoring
compression and transport

unit

* Work over of CO,

(f\j('l tion

Capture



message equally messenger
y

important
[what you say]| [who you are

Cooperate!

Institutes NGOs JH-
Communities o




Sweeten the deal!



Make information available

Share knowledge
Explain ~

g (&

L




TTHOUT

SSIONS

Create a positive

: Rioenergy with CCS enahles
NEGATIVE emissions!
negative vision e

Part of the solution
- Muore climate protection is pessible
. = WITH CCS than WITHOUT it

www.bellonaorg/ces



Bioenergy with CCS enables
NEGATIVE emissions!




Building wind turbines, solar
panels, biofuels, electric vehicles

WITHOUT

EMISSION




More climate protection is possible
WITH CCS than WITHOUT it!




negative vision



BELLONA

Amines Used in CO, Capture
- Health and Environmental Impacts

Renjie Shao and Aage Stangeland
The Bellona Foundation

This publication explains why capture and geological storage of €O,

e ——
wecessary tol to combat global warming BFL[DNA
4

»on Dioxide Storage: Geological

vand Environmental Issues — Case
n the Skeipner Gas field in Norway

www.bellona.org/ccs

BELLONA

http://www.bellona.no/portal/bellona.org/files/fil Why
_CCS_COPis5_brochure.pdf

or at http://www.bellona.org/ccs/Art




