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Carbon Capture and Storage:
A consultation on barriers to commercial deployment
Response by Marathon Oil U.K,, Ltd.

Introduction

Marathon welcomes the opportunity to comment on issues relating fo the
potential emerging business of carbon capture and storage, CCS. Our
perspective is one of an upstream oil & gas producer with an interest in
enhanced oil recovery, EOR. Consequently, our input relates specifically to the
transport and storage of CO2 including its use in EOR, rather than the capture
phase of the process.

Marathon recognizes the importance of CCS as a potential means to reduce
greenhouse gas emissions and support the United Kingdom (UK} and European
Union (EU) CO2 emissions reduction targets. We are evaluating other potential
CO2 EOR projects elsewhere in our global portfolio and would like to identify
additional economically attractive CCS/EOR projects. Unfortunately our
preliminary assessment of a Brae field CCS/EOR project is not economically
attractive.

We have provided some general comments relating to the ‘barriers to wide scale
deployment of CCS in the UK’, followed by input to specific questions where we
have a contribution to offer.

Barriers to wide scale commercial deployment of CCS:

General comments

1. General suitability of offshore North Sea fields for CCS/EOR
Most fields which could benefit from potential EOR using CO2 are in the
Central or Northern North Sea, and are consequently a long way from
major existing sources of CO2. This results in significant CO2 transport
costs. In addition, North Sea offshore fields have inherently high operating
costs and will require major capital investment to make them suitable for
CO2 injection. Many fields are unattractive for CO2 EOR as a
consequence of geological factors resulting in small incremental
recoveries. Only fields in a particular phase of decline are suitable for
EOR. As a consequence of these various factors, only a very limited
number of offshore North Sea fieids are close to being potentially
commercially viable candidates for CCS/EOR. These potential fields are
likely to be distributed widely across the North Sea making a consolidated



transport infrastructure difficult to achieve, although a hub type approach
could potentially service fields in the vicinity.

Value chain integration

If the value chain is considered to include carbon capture, CO2 transport,
and CO2 storage/EOR, then a number of issues arise. Since few, if any,
companies operate along the entire value chain, then CCS/EOR projects
will reguire consartium collaboration, open access to infrastructure or an
effective physical trading system. All of these options present some
difficulties, especially in a limited sized market with a wide variation in
location of transport input and output points. The equitable sharing of risk,
liabilities and potential value between companies is a complex task, made
maore challenging by economics which are very marginal.

Key factors affecting CCS/EOR project economics

Many of the factors affecting project economics have already been
mentioned above; transportation costs, offshore operating costs, capital
investment, etc. In determining the economic viability of a project, certainty
of values is key. Parameters which are relatively uncertain, and which
therefore impact project viability, include but are not limited to: oil price,
physical CO2 price (related to CO2 capture cost), CO2 traded value (for
sequestration), oil & gas fiscal regime and the carbon fiscal regime.
Actions which can help to better define and remove variation and risk in
these factors will help with project assessment.

CO2 traded value is also critical to project economics. At the EU level it is
critical that the EUETS has tighter controls over allocation of credits in
Phase li, and this can only be achieved through UK government
involvement at the EU level. We have seen the price of CO2 rise to over
30 Euros/Te in one year, and collapse recently to around 11 Euros/Te.

Onshore CCS

Disconnecting CCS from EOR creates the potential for onshore
subsurface storage of COZ2 in deep reservoirs (usually aquifers) at
locations much closer to centres of CO2 production. Whilst this does not
offer the potential benefit of EOR value, it is likely to be much more
economically attractive. The reduced cost to establish and operate
purpose built onshore facilities to inject and store COZ2 along with reduced
transportation costs will more than offset the loss of potential EOR
revenue. In addition the cost for long term monitoring of onshore wells will
be significantly less than that required for offshore wells. The expertise
currently used in the oil & gas sector will be critical in achieving onshore
CCS projects.



Benefits of developing an active CCS industry

There is undoubtedly a significant benefit to the UK in developing an
indigenous CCS industry. In addition to meeting CO2 emission reduction
targets, such an industry would create significant employment, provide a
natural continuity for UK based oil & gas businesses and create a long
term export opportunity for skills and services. If CCS was based around
existing offshore fields then an opportunity exists to defer
decommissioning and extend the life of key infrastructure, thus enhancing
oil & gas reserves.

Potential actions to enhance CCS/EOR economics

There are two complimentary economic cases to consider. The first is that
for permanent storage of CO2, while the second is that from any
enhanced hydrocarbon recovery. Itis clearly beneficial to choose a
reservoir that might achieve both, but it may not be possible or economic.

With the potential BP decarbonised fuel project, which involves pre-
combustion carbon separation from gas at Peterhead, CO2 could be
available at the BP Miller field for CCS/EOR. If this were the case, then
potentially CO2 could be made available for CCS/EOR at the nearby
Marathon operated Brae complex.

Initial analysis of storage of CO2 without EOR at South Brae indicates that
the Brae owners would have to charge a very significant premium over the
current EUTS trading price (just to cover cost of capital and opex) to
economically store CO2; approx £30/te at Brae. Overall this is not
surprising since any long-term project that has up-front capex and a long
production/use profile will always require high product prices in order to
cover cost of capital and opex. There may of course be some value in
deferring decommissioning costs, but where these are forecast to occur
some 12+ years out, they will not have much impact. Indeed, the current
rules on decommissioning loss carryback are likely to lead to earlier
abandonment.

Market forces are generally the best approach to handle poor economics;
and with the current market, this is likely to lead to few projects. However,
encouragement of storage as one of a number of proactive measures
through providing incentives that would help manage COZ2 emissions
would probably have much public support. Examples might include; a
current ring fenced CT or SCT deduction for an uplift on CCS capex; or
fixing the tax rate for the life of a project.

The benefit of any enhanced oil recovery would be subject to the normal
extractive (ring fenced) fiscal regime and should not be factored into the
economics of the decision as to whether to offer a CO2 storage service.
The period of time and cause and effect links between injection and



recovery under tertiary recovery projects can be both long and uncertain.
Alternatively, an agreed profile of additional/enhanced production could be
exempted from the additional ring fence taxes (PRT and SCT).

Including the potential benefit of EOR and the CO2 storage revenues,
initial screening shows the South Brae CCS/EOR project remains
uneconomic.

Specific responses to questions asked in the CCS paper:

1.34: At what level of market readiness are these various technological
options?

The injection of CO2 into subsurface reservoirs is a well proven technology.
Many technical challenges exist relating to metallurgy, elastomers, phase
behaviour etc which make the operation costly {o implement and operate and far
from straight forward, but the existence of many CO2 EOR injection projects
glsewhere show that little, if any, new technology is required.

1.41: What scope is there to develop and use CCS within the current
regulatory framework?

From the perspective of offshore or onshore surface and subsurface facilities for
the injection of CO2 it would be appropriate to evolve existing regulatory
arrangements for oil & gas production and injection. The DTI licensing
arrangements for oil & gas could be easily (and naturally) extended to cover CO2
injection licensing. The Health, Safety, and Environment (HSE) regulatory
approach for oil & gas could be easily (and naturally) extended to cover CO2
injection facilities.

1.48: To what extent does EOR using CO2 reduce costs and increase the
commercial viability of CCS?

In practice using CO2 for offshore EOR purposes significantly increases costs.
This is because; the fields suitable for EOR are located long distances from CO2
sources and; modification and operating costs are significantly higher offshore
than onshore. Using CO2 for EOR at North Sea offshore installations is likely to
make CCS significantly less attractive than local subsurface CCS. The exception
would be the use of CO2 for EOR at an onshore oilfield.

1.48: How does EOR using CO2 compare in cost terms to EOR using other
means?

In qil and gas terms, primary recovery relates to initial unaided production,
secondary recovery relates to water or gas injection to maintain reservoir



pressure and increase sweep efficiency and tertiary recovery relates to the
injection of other fluids or additional activities to increase recovery. Enhanced oil
recovery is a term which can be used to refer to secondary and tertiary recovery.
Clearly with an abundant supply of seawater or gas secondary recovery using
these fluids is much more economically attractive than CQO2. Tertiary recovery is
possible using chemical fluids such as polymers. These are generally
commercially unattractive and little used in N Sea operations. They are probably
comparable in cost to tertiary recovery with CO2.

1.48: Is the use of CO2 for EOR appropriate on the UKCS and at what stage
in the life of a specific field is it appropriate to use EOR?

CO2 is technically suitable for EOR for some fields on the UKCS. Commercially it
is suitable for very few fields due to costs and insufficient long term incremental
recovery. EOR is usually only considered appropriate in late field life.

Conclusion

The technical feasibility of CO2 injection for EOR and consequently storage is
well proven. However, the widespread offshore application of CCS with EOR
appears unlikely due to high costs, risks and key uncertainties making projects
commercially unattractive. Onshore storage, probably in deep subsurface
acquifers, at sites close to major CO2 sources but without EOR, appears more
commercially attractive. However, the use of onshore storage for CO2 may
prevent these reservoirs being used as gas storage facilities.

As these projects are very long term, a reduction in long term fiscal uncertainty
and the introduction of incentives could help improve project economics.



Addendum; CO2 CCS/EOR offshore value chain

Shown below is a chart presenting the cost elements of the value chain and the
revenue elements of the value chain.
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The resulting value margin is the difference between the total cost and the total
revenue. The drivers behind each of the elements are as follows;

Carbon capture cost
s Fueltype
Age of facility
Type of facility
Regulatory requirements

CO2 transport cost
+ Volume
Distance
Terrain
Regulatory requirements
Commonality of route

CO2 injection cost
+ Reservoir characteristics
¢ Facilities characteristics



Traded CO2Z value
¢ Fiscal regime
e EUETS market

Value of EOR
o Fiscal regime
» Commodity price (oil)
+ Reservoir characteristics

Value of deferral
» |nterest rates
* Incremental projects
* Incremental production



