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CO, storage

Injecting CO, underground willin fact return
the CO, to where it came from.

CO, is stored using the same trapping
mechanisms as nature has been using to
store CO,, gas and oil for millions of years.
The CO, is stored in deep saline aquifers or
abandoned oil and gas fields, - more than
800 m underground, both onshore and
offshore.

The world’s petroleum and chemical indus-
tries have decades of experience of trans-
porting and storing CO, safely.

Suitable geological formations for CO, storage
are found in layers of porous rock which have
space available for the CO, similar to the way
a sponge has space available for water.

A suitable CO, storage reservoir needs®:

e A layer of porous rock at the correct
depth to hold the CO, (anywhere from
800 m to 5,000 m deep)

e Sufficient storage capacity

e An impermeable layer of “cap” rock to
seal the porous layer of rock underneath

Existing CO, storage sites

CCS in deep saline aquifers is implemented
full-scale at the Sleipner gas field in Norway.
Since 1996 about 1 Mt of CO, per year
has been stored in a saline aquifer under-
neath the gas field. Other storage sites
are In-Salah in Algeria, Otway in Australia,
Lacq in France, Salt Creek in the USA and
Weyburn in Canada (see illustration).
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Evidence provided by leading European
geological and research organizations
from over 13 years of experience with CO,
storage at the Sleipner site show no sign of
leakage’. Monitoring of the field provides
insight into the geometrical distribution of
the injected CO, and verifies safe injection.

Existing CCS projects

Trapping CO,

The injected CO, will be trapped by geo-
chemical processes.

The CO, storage risks are related to leak-
age from the storage formation. These risks
could include hazards for humans, ecosys-
tems and groundwater.

Observations and analysis of current CO, stor-
age sites indicate that the probability of leak-
age’ in an appropriately selected and well
managed site is nearly absent?. The risk of
leakage also decrease over time due to pres-
sure equalization and trapping mechanisms®.

During the injection period the pressure may
increase in the zone of injection. This is con-
sidered as the period of highest leakage risk.
After injection has stopped, the risk of leak-
age decreases. Leakage can occur through
undetected faults, fractures or through
wells. Leakage routes can be identified by
simulation of the subsurface and by charac-
terization of the reservoir prior to injection.



Monitoring

Monitoring is like the speed meter in your
car. It tells you whether you are driving
within the speed limits considered as safe.
Your safety while driving is influenced by
the design and maintenance of the car
itself, road conditions, how fast you drive
and whether you use your seat belt.

In the same manner the behaviour of CO,
underground is influenced by similar fac-
tors and we can use monitoring techniques
to overlook the injection procedure.

We can not directly observe what is going
on kilometers below the Earth’s surface. So
specialists address this reality by creating

computer models that seek to visualize
what cannot be seen. These models
present us with expected behaviours of
CO, underground. The modelled behaviour
is subsequently compared to observations
made in the injection wells and by
surveilance equipment (seismic, gravity,
electromagnetic or satellite data).

The monitoring aims to detect potential
leakages before they reach the surface.

And even if there was a 1 percent leakage
over thousands and millions of years, it is
still better than the alternative, - which
today is “100 percent” leakage into the air.

7 Best Practice manual, Holloway S., Chadwick A., Lindeberg E., Czernichowski-Lauriol I. and Arts R. (eds.), 2004, Saline

Aquifer CO, Storage Project (SACS), 53 pp.

8  “Carbon Dioxide Capture and Storage”, The Intergovernmental Panel on Climate Change (IPCC), 2005. Cambridge University.
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Cost of CCS

CCS is expensive and energy intensive. It is
repeatedly stated that adding CCS to exist-
ing coal plants can lead to an increase in
electricity prices, while at the same time
reducing plant efficiency. Therefore clear
incentives are needed for utility companies
to invest in CCS.

This can be done, on the one hand,
through the use of regulatory tools that
make power and industrial plants without
CCS less attractive (e.g. through carbon
cap and trade schemes, carbon taxes or
straight regulatory bans on conventional
plants without CCS).

On the other hand, incentives such as pub-
lic subsidies must also be provided. This
has been done in Australia, US and Europe
to co-finance large-scale CCS demonstra-
tion projects.

A strong regulatory incentive reduces the
need for subsidies. It is no coincidence that
one of the most advanced CCS projects, in
Bakersfield, California, is being builtin a US
state where conventional coal-fired power
plants have effectively been banned by
putting a limit on the amount of CO, that
can be emitted per kilowatt-hour electric-
ity produced (a CO, Emission Performance
Standard).

A McKinsey/Vattenfall report (2008)° esti-
mated a global CCS potential of 3.6 Gt/year
(0.4 Gt/year in Europe). In their reference
case CCS costs at new coal power installa-
tions could come down to around 30-45 €
per tonne of CO, abated in 2030 - which is
in line with expected carbon prices in that
period. Early demonstration projects will
typically have a significantly higher cost -
60-90 € per tonne.

Bellona will not endorse public funding of
CCS that comes at the expense of public
funding for renewable energy or energy
efficiency.

Fortunately, there is no evidence that this is
happening. Instead, when public funding for
research and development of one energy
source increases, public funding for other
energy sources also tends to increase®.

Funding must now increase at a phenom-
enal pace to make the low-carbon techno-
logical revolution come true. It will not be
“either or” but “everything at once”.

9 Carbon Capture & Storage: Assessing the Economics, 2008, McKinsey&Company
10 |EA (International Energy Agency) 2006 database over public R&D funding for energy
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Regulation and liability

Financing and investments in CCS should
reflect the amount of time that we expect to
use CCS. Industry is not going to take the risk
of investing in CCS unless the distribution of
responsibilities and liabilities is clarified.

Preparation and adaption of required regu-
lations and liabilities must be prioritized by
local governments in order to meet the CCS
deployment timeline for demonstration
and full-scale CCS plants.

From fossil fuels to renewables

The lower estimate by the UN IPCC of safe
storage capacity is about 1,700 Gt, while annual
CO, emissions globally are about 30 Gt.

Bellona has estimated that 25 Gt of CO, can be
captured and stored within the EU by 2050. The
wide implementation of CCS can reduce CO,
emissions by 54% in the EU and 33% globally by
2050 compared to emission levels today**.

' “A'model for the CO, capture potential”, Stangeland, A., 2007, In: international journal of greenhouse gas control n1
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CCS and the UNFCCC

negotiations

An ambitious Copenhagen agreement
would do what Kyoto failed to do: address
all the main emitters of GHG, outline a
global program for emissions cuts, cre-
ate financing plans for poorer countries to
adapt to climate change, and finally, fund
the additional costs of reducing emission
growth rates in developing countries.

In the summer of 2008, G8 leaders - heads
of state of the world’s largest industrialized
countries, made a commitment to limit glo-
bal temperature increase to 2°C. Achieving
this level of emission cuts will call for a tre-
mendous effort, as it requires a full trans-
formation into a zero emissions economy.
This will only occur if we use a portfolio
of solutions: an unprecedented focus on
energy efficiency, massive deployment of a
wide range of renewable energy technolo-
gies and accelerated deployment of CCS
worldwide.

CCS is the new tool for combating global
warming that was not available when the
Kyoto Protocol was negotiated and signed
in 1997. Today, utility companies, policy-
makers, researchers, NGOs and the pub-
lic at large are realizing that CCS can play
a vital role in achieving the reductions in
GHG emissions necessary to avoid danger-
ous global warming.

How can a new global climate treaty help
speed up the deployment of CCS?

e There must be an incentive for devel-
oped countries (so-called Annex |
countries) to help finance CCS projects
in developing countries (non-Annex |
countries). This can be done through a
carbon credit mechanism whereby non-
Annex | countries sell credits to Annex |
countries for the verified avoidance of
CO, emissions through CCS

e CCS credits will require a set of minimum
international requirements to ensure
CO, storage is safe and permanent

e The CCS demonstration projects now
being built in Australia, North America,
Europe and the Middle East, and
financed in part by public money, should
contribute to the speedy deployment
of CCS also in other parts of the world.
Governments subsidizing domestic CCS
projects could pledge, under a global
climate treaty, to require recipients to
commit to specific roll-out roadmaps
for their technologies, including dif-
ferentiated pricing between developed
and developing countries. In case of
non-compliance by subsidy recipients,
claw-back clauses for the subsidies or
compulsory licensing of patents would
be applied

The technological solutions already exist;
the challenge is to make the policy frame-
work and industrial decision-making process
more efficient.
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