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Executive Summary

Recognising that the combination of Carbon Capture and Storage (CCS) with CO,-
Enhanced Oil Recovery (EOR) could bring positive impacts to the Scottish economy,
Scottish Enterprise commissioned a team led by Element Energy and including Heriot
Watt University and Dundas Consultants to examine the issues related to CO,-EOR and
quantify the economic impacts in Scotland.

Nineteen oilfields in the UK Continental Shelf (UKCS) may be technically attractive
6anchor 6forCO.EQR. These have a combined potential incremental oil recovery
of 2.5 billion barrels of oil, associated with storage in the region ca. 0.8 Gt CO,. The
uncertainty in these figures is at least +/- 50%. A cluster of large CO,-EOR projects could
contribute ca. 15% of UKCS oil production in 2030. Scenario modelling suggests that the
highest rates of EOR deployment in the UKCS would bring £2.7 billion in Gross Value
Added (GVA) to the Scottish economy, relative to a scenario where the oilfields are
decommissioned. Supply chain opportunities for Scottish businesses would result in 5,300
person-years of employment (new or maintained) for projects initiated by the early 2030s.
Effective engagement of the Scottish supply chain with UKCS CO,-EOR projects could
double these GVA and employment figures. Domestic experience can then be leveraged
to other potential CO,-EOR markets in other sectors of the North Sea and internationally.

Financial modelling reveals that for several fields CO,-EOR projects yield a positive Net

Present Value (NPV) at current oil prices. Therefore EOR could be a driver towards the

key outcome forthe UKGover nment 6s CCS commercialization progr :
generation with CCS cost competitive with other large low carbon power generation

technologies in the 2020s. The financial modelling identifies that the principal beneficiaries

of a CO,-EOR cluster in the North Sea would be the Governments of the UK, Norway and

Denmark, as a result of the high taxes applied to the offshore industry. These tax receipts

could in principle be offset against public subsidies for CCS, i.e. CO,-EOR could be an

enabler of CCS, although tax returns are highly sensitive to oil prices, reservoir

performance, and number and choice of projects.

The commercial case for conventional oil companies to invest in CO,-EOR s fragile. Since
the collapse of the original BP DF1 Miller proposal, no UKCS oil operator has indicated
strong, clear commitments to developing CO,-EOR. This study has found numerous
barriers and deeply-held scepticism as to the early commercial uptake of CO,-EOR in the
North Sea from a wide range of public and private stakeholders. CO,-EOR has never
before been carried out in the North Sea. Oil companies will factor in a range of
uncertainties and first-of-a-kind risks.

Some stakeholders believe that commercial CO,-EOR projects would only follow on the
back of successful CCS demonstration, if oil prices remain high and if there is a reliable
CO, supply directed towards a suitable oilfield. A wait-and-see approach to CO,-EOR in
the UKCS could however lead to missed opportunities for the UKCS, as most of the UK 6 s
relevant oilfields are predicted to be decommissioned by the 2030s.

There are two proposals including CO-EOR i n the North Sea in the EUOGS
Reserve (NER300) programme for CCS demonstration. One of these (2Co Energy) has

submitted a proposal for the use of CO,-EOR in the UKCS i n DECC6s CCs
commercialization.

Even if an initial North Sea CO,-EOR project is demonstrated in the 2010s, multiple
barriers could jeopardise commercial viability of subsequent projects. These include weak
incentives and uncertainties around CO, storage liabilities, oil price, oil recovery levels,



infrastructure requirements and costs, CO, supply, CO, storage capacity, and future
regulation. High oil price is a positive driver of CO,-EOR, but even at high oil prices,
alternative investment opportunities may provide lower complexity and better risk-reward
profiles for energy companies.

The uptake of CO,-EOR in the 2020s in the North Sea will depend on many factors,
including the levels of sustained policy support for CCS, oil prices, and stakeholder
support. Since some of these drivers are
strategy designed to influence key stakeholders is appropriate. The full report details five
actions that Scottish Enterprise could take if it wishes to support CO,-EOR. These are
summarised below.

1. Support a ftlah eam pdvarated a coherent view of CO,-EOR
requirements and opportunities to policymakers and other stakeholders.

2. Sponsor meetings, workshops and personnel exchanges to facilitate
knowledge sharing between UKCS oilfield owners, engineers, policymakers,
regulators and participants in ongoing CO, injection projects worldwide.

3. Leverage existing connections with the oil and gas supply chains to raise
awareness of the supply chain opportunities for CO,-EOR projects. This could
include encouraging suppliers to participate in engineering studies for CO,-
EOR and/or providing funding for oil and gas industry suppliers to attend CCS
networking events.

4. Support preparatory work for CO,-EOR cluster development through a Task
Force focussed on the needs of the relevant oil companies.

5. Facilitate continued co-operation, stability and consistency between the
Scottish and UK Governments across the full suite of energy and climate
policies relevant to CO,-EOR deployment, especially in the event of
constitutional change.

If adopted, these recommendations will maximise the CO,-EOR opportunity, and position
Scottish businesses to take full advantage of the economic benefits of CO,-EOR.
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1 Introduction

Oil from the North Sea has been produced for more than four decades. Typical production
is 50% of the oil in place below ground, although this varies from 10% through to 70%,
depending on the particular field characteristics and production strategy.

The injection of CO, to improve oil recovery in the North Sea was first suggested by the
academic community in the late 1970s. The process is well established onshore in the
USA where CO,-EOR projects have been in operation for thirty years. Improved
production can range from <5% to >20% of the original oil in place. To date, CO, EOR has
not yet been applied in the North Sea, for a range of reasons but principally a lack of
reliable large Mt/yr scale supplies of CO..

The deployment of Carbon Capture and Storage (CCS) has been widely recognised as
critical in the supply of the requisite amounts of CO,. CCS has been recognised by the
UN, G8, EU, UK and Scotland as a key technology for limiting CO, emissions to
atmosphere from the power and industrial sectors. Globally, CCS could provide up to 20%
of CO, reduction in 2050 required to stabilise CO, emissions at 450 ppm, as part of a mix
of technologies. If adopted this would imply a future cumulative global market valued in the
trillions of dollars®. Numerous studies indicate that roll out of CCS around the North Sea
region could play a significant role in providing low cost, low carbon and secure energy for
the UK and Europez. CCS can be implemented through a range of technical solutions,
including different power and industrial sources, different capture technologies, a range of
ship or pipeline transport solutions, and range of storage types including aquifer
formations, depleted hydrocarbon fields and partially depleted oilfields when used in
conjunction with CO,-enhanced oil recovery.

Earlier this year, the UK Department for Energy and Climate Change (DECC) published a
Roadmap with a vision for CCS deployment in the UK. The vision explicitly includes
capture from one or more clusters of power and industrial CO, sources with shared
transport infrastructure for CO, storage in depleted hydrocarbon fields, aquifers and the
combination of CO, storage in partially depleted oilfields with enhanced oil recovery (see
Figure 1).

' [EA CCS Roadmap (2009)
% See for example Element Energy et al. (2010) One North Sea
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Figure 1: DECC OCCS, vision for UK CCS deployment in the 2020s°

DECC is currently evaluating submissions to its CCS commercialisation programme
described in the Roadmap. The programme offers up to £1bn of capital support for CCS
projects with ongoing revenue support through a Contract-for-Difference Feed-in Tariff for
decarbonised electricity’. Based on public announcements, at least one bidder has
identified CO,-enhanced oil recovery in the UK sector of the North Sea as a key element in
its proposal. If developed, this would imply that CO,-EOR could begin operation in the
UKCS in the period 2016-2020. Elsewhere in the North Sea, a proposal for CO,-EOR in
the Danish sector is being considered as
CCS demonstration.

Progress with CCS demonstration and eventual commercial deployment over the coming
years should result in a significant supply of CO, for wide scale deployment of CO,-EOR.

Studies since 2000 have indicated that several billion barrels of additional oil could be
recovered through CO,-EOR in the North Sea region, providing CO, storage capacity and
potentially improving the economics of CCS roll-out. However there is currently limited
public expression of interest from existing owners of North Sea oilfields and their service
providers in developing CO,-EOR projects.

Scottish Enterprise believes that the skills and facilities required to deliver CO,-EOR exist
in Scotland and that CO,-EOR can act as a positive economic driver for the delivery CCS
projects. Following competitive tender, in March 2012, Scottish Enterprise commissioned a
team led by Element Energy with Dundas Consultants and Heriot Watt University to
assess the potential for CO,-enhanced oil recovery for Scotland, the impacts of CO,-EOR
on CCS projects and the broader Scottish economy, and actions that Scottish Enterprise
could take to maximise the positive economic impacts from Scotland from CO,-EOR.

® DECC CCS Roadmap
http://www.decc.gov.uk/assets/decc/11/cutting-emissions/carbon-capture-storage/4899-the-ccs-roadmap. pdf

* These incentives are complemented by wider reforms of the GB electricity market including the introduction of a
carbon price floor, capacity payment mechanism and emissions performance standards.
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The project has produced a number of interim deliverables. These deliverables have been
reviewed by Scottish Enterprise and with key stakeholders and accepted. The draft
findings of the study were presented at the All Energy 2012 conference held recently in
Aberdeen and at the Thermal generation & CCS Industry Leadership Group in Glasgow.

This report represents the final deliverable from the Element Energy-led study and is
structured as follows:

Chapter Two describes the technical potential for CO,-EOR in the North Sea.
Chapter Three introduces barriers to the growth of CO,-EOR.

Chapter Four describes possible scenarios for CO,-EOR development.
Chapter Five identifies Scottish supply chain opportunities.

Chapter Six describes the results of economic modelling CO,-EOR and its economic and
employment impacts.

Chapter Seven describes the potential actions to maximise the opportunity for Scotland.

This report is accompanied by a technical appendix which provides further detail on:

9 the theoretical concepts around CO,-EOR

the database of CO,-EOR potential

1 the modelling of field economics and economic impacts for Scotland for different
scenarios of CO, EOR uptake

=



2 Technical potential for CO,-EOR

Enhanced oil recovery (EOR) methods are usually employed after other, more predictable
conventional secondary recovery methods, such as pressure depletion and water-flooding,
have been exhausted (Figure 2).°

QOil Production

Primary Secondary' (EQORJ/IOR)

Time
Figure 2: Oil recovery processes

As illustrated in Figure 3, tertiary EOR methods can be classified under four categories,
which are gas injection, thermal, chemical and other methods.

Many reservoirs in the North Sea appear technically suitable for gas injection and several
have in fact tested very positive for gas injection® (see Appendix). However, in addition to
gas EOR, polymer flooding and low-salinity water injection could also be competitive EOR

methods in the North Sea’.
Primary Recovery
Secondary Recovery
Water Pressure
Flooding Maintenance
Tertiary (EOR/IOR) ‘
1
Gas Injection

Steam COZ Alkali Microbial
Hot Water Hydrocarbon Surfactant Acoustic
Combustion Nitrogen/Flue Polymer Electromagnetic

Figure 3: Primary, secondary and tertiary recovery processes8

CO,-EOR is one of several gas injection technologies that could be used to enhance oil
production. Globally there are nearly 170 CO,-EOR projects currently in operation. CO,-

® For a review, see for example, Tzimas et al. 2005 Enhanced Oil Recovery Using CO; in the European Energy
System

® for further info see Awan, Teigland and Kleppe, SPE Reservoir Evaluation and Engineering (2008) 11 (3) 497-
512

" Findings from DECC Pilot workstream on 23rd May 2012

8 Adapted from Bai, B., EOR Performance and Modelling, Technology Focus, 2012



EOR can be classified into two categories, which are miscible and immiscible CO,-EOR.
The DECC Pilot Task Force has made provisional order-of-magnitude estimates of total
UKCS recovery from different tertiary recovery approaches (see Table 1). Miscible CO,
ranks highest.

Table 1: Estimated recovery from different EOR processes applied to North Sea oil
and gas production (draft results identified by the DECC Pilot workstream on 23"
May 2012).

Estimated Recovery

Tertiary technology EOR Process

(MMSTB or Million Stock
Tank Barrels of Qil)

Gas Injection Miscible CO, 5,700
Gas Injection Miscible hydrocarbon flood 5,400
Gas Injection Nitrogen and Flue Gas 500
Chemical Surfactant/Polymer 4,800
Chemical Colloid Dispersal Gel (CDG) 3,100
Chemical Brightwater’ 3,100
Chemical Polymer 2,100
Thermal In-situ Combustion 700
Thermal Steam drive 600
Other Low salinity water flood™ 2,000

2.1 CO,-EOR experience in North America

CO,-EOR has been practised since the 1970s in North America as a means of extending
onshore field lifetime after secondary production techniques (such as water flooding) have
been exhausted.

Technical, HSE and regulatory standards, business models, and supply chains for CO,-
EOR in North America are therefore well established, reducing performance and
regulatory risks. There is more than 3,000 miles of CO, pipeline network infrastructure,
reducing CO, supply/demand risks. The experience provides a wealth of insights into how
CCS with CO,-EOR could be developed, although until very recently no attention was paid
to permanently storing CO, underground as part of the EOR process.

Currently most of the CO, for North American fields mostly derives from natural sources
and none currently derives from CO, captured at a fossil power station. All current CO,
injection is onshore, with onshore CO, pipelines passing through sparsely populated and
relatively flat terrains. Current peak CO, injection rates are in the region of 50 Mt/yr with

9 http://www.nalco.com/applications/brightwater-technology.htm
10 http:/Avww.uwyo.edu/eori/_files/eorctab_jan09/buckley mechanisms.pdf
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incremental oil production approach 90 million barrels/year, although there are huge
variations between individual fields in terms of performancell. Even after CO, flooding,
some oil still remains in reservoirs.

The underlying economic drivers for CO,-EOR in North America are driven by lower costs
onshore (cheaper drilling costs, no need for offshore platforms), and a combination of tax
incentives at State and Federal level since the 1970s™. Finally, in contrast to the North
Sea, where sea water will always be freely available, the economic potential for secondary
recovery through water injection may be more limited in some onshore regions.

More recently, the use of CO, captured and transported from power and industrial sources
to EOR fields has attracted substantial attention in North America, although the challenges
in deployment should not be underestimated. Box A describes the North Dakota i
Weyburn oilfield.

Case Study: The Weyburn-Midale Project

As an example of a successful CO2-EOR project, the Weyburn-Midale project demonstrates full
chain capture from an industrial source transported for EOR and permanent storage with
extensive monitoring.

Following an initial test project in the 1990s, the project now involves capturing and
compressing 3-5 MtCO>/yr from a gasification plant in North Dakota, transferring it across the
US-Canada border by pipeline for injection in onshore oilfields in the Saskatchewan province,
enhancing oil production by ca. 65%. The project employs may tens of CO- injector wells.
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Figure 4: Weyburn Oil Production 1955-2010"

The project is a public-private partnership, including industry partners such as Apache Canada,
Aramco Services, Cenovus Energy, Chevron, Dakota Gasification, OMV, Nexen, SaskPower,
Schlumberger, Shell Canada and, government partners such as Alberta Innovates, IEA GHG
R&D Programme, Natural Resources Canada, RITE, Saskatchewan Ministry of Energy and
Resources, United States Department of Energy.

For more details see http://www.ptrc.ca/weyburn_overview.php

" NETL, Carbon Dioxide Enhanced Oil Recovery, 2010
12 National Enhanced Oil Recovery Initiative (2012) Carbon dioxide enhanced oil recovery: A Critical domestic
energy, economic, and environmental opportunity.
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2.2 Offshore CO, Injection

Despite the absence of specific offshore CO,-EOR projects in the North Sea, there is
significant UK and global experience relevant to offshore CO, injection:

1 Since 1997, Statoil has been separating produced COj/natural gas mixtures
offshore and re-injecting CO, using deviated/horizontal wells into the Utsira aquifer
in the North Sea at the Sleipner facility for long term storage.

1 Further north, at Snghvit, separated CO, is transported by offshore pipeline from
the coast for injection using vertical wells into an aquifer.

1 Off the coast of Brazil, Petrobras and partners are exploring a range of concepts
for re-injection of produced CO, from the giant Lula oilfield and gasfields to boost
production and lower the environmental impact. Brazilian environmental regulators
have instructed Petrobras that the produced CO, must not be released to the
atmosphere. As well as EOR, aquifer storage may also be explored. The water
depths for the Lula field are in excess of 2km, so offshore floating production,
storage and offloading (FPSO) vessels are used for separating and reinjecting the
CO,. The reservoir itself is 5 km deep.

1 There are hundreds of brine injection wells in the North Sea, and tens of wells for
natural gas injection.

In terms of the reservoirs themselves, existing North Sea field owners and operators have
an excellent understanding of their behaviour and production history under conventional
conditions. The oil reservoirs are typically 1-4 km below ground, so that CO,/brine/oil flow
models for oilfields which are onshore remain relevant for offshore configurations, even if
the surface infrastructure requirements are substantially different.

2.3 Visions for CO,-EOR in the North Sea

Between 1999 and 2002, Sintef and the CENS project established an initial vision for an
EOR system connecting multiple CO, sources with EOR fields in the UK, Norwegian and
Danish sectors of the North Sea®®. Since then, multiple studies of CO,-EOR techno-
economic potential have repeatedly confirmed intrinsically positive economics for a North
Sea EOR system at high oil prices'®. These include UK, Norwegian, and Europe-wide
analysis.

2.4 A database of candidate North Sea EOR fields

Her i ot Wusetddiabase afi UK North Sea oilfields containing geological and other
data appropriate for CO,-EOR screening was supplemented with similar data for oilfields
in the Norwegian and Danish sectors of the North Sea. The database records field name,
current operator, current equity distribution, quadrant/block, latitude and longitude of
centroid, water depth, historical production start, close of production without EOR, final
facilities abandonment, incremental oil produced under CO,-EOR, CO, storage potential
under EOR conditions. The database (provided to Scottish Enterprise in Excel 2010
format) was prepared from standard published sources and online information.

13 www.co2.no/download.asp?DAFID=46&DAAID=5
4 See for example,
http://webarchive.nationalarchives.gov.uk/+/http://www.berr.gov.uk/files/file42476.pdf
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I n t er ms of assessment met hodol ogyaft htuhmdb 0 dat abase
approaches to estimating the theoretical incremental oil production from CO,-EOR. If the

standard approach of 10% STOOIP (Stock tank original oil in place, which is the total

hydrocarbon content in an oil field) is considered, the total incremental oil production is

6,800 million barrels in the UK, Norwegian, and Danish fields in the database. This data is

shown in Table 2.

However, the theoretical incremental oil production and CO, storage capacity for any given
field has an uncertainty of at least + 50%.

Table 2: Candidate EOR fields database in the North Sea (fields sorted by country
then alphabetically).

Incremental oil Incremental CO; stored
Country | Field Name recovered during EOR (MtCOy)
\ Million barrels
UK ALBA 119 39
UK AUK 53 11
UK BERYL 232 82
UK ‘ BRAE 104 34
UK BRENT 502
UK BUZZARD 108 31
UK CLAYMORE 144 46
UK CLYDE 41 21
UK CORMORANT 157 45
UK DUNLIN 83 24
UK FORTIES 420 80
UK FULMAR 82 81
UK JANICE 129 87
UK NELSON 79 26
UK NINIAN 292 94
UK PIPER 140 20
UK SCOTT 95 29
UK TEAL 82 55
UK THISTLE 82 22
UK/NO MURCHISON 79 25
NO EKOFISK 710 221
NO ELDFISK 210 36
NO GULLFAKS 575 133
NO SNORRE 342 82
NO TORDIS 94 22
NO TROLL 393 90
NO ULA 145 30
NO VALHALL 229 51
NO VIGDIS 92 37
DK DAN 240 57
DK HALFDAN 150 52

* Fields coloured in red may have known challenges with EOR implementation



Considering the database, there would be significant implementation challenges to CO,-
EOR at Statfjord and Brent, as these fields are depressurised, and the Miller field has
been already decommissioned. Removal of the Miller, Brent and Statfjord fields reduces
the overall technical potential in the database from 6,800 million barrels to 5,600 million
barrels. Of the remaining fields, the three largest EOR candidates are Ekofisk and Gullfaks
in the Norwegian sector and Forties in the UK sector.

Assuming 0.3t CO, stored per barrel of oil produced, the combined CO, storage capacity
for the oilfields in the database would be approximately 2.1 GtCO,, which would satisfy the
storage requirement for 10 GW of coal power for 40 years (assuming a load factor of
75%). The overall CO, storage potential in oilfields represents only ca. 1% of the
theoretical storage potential in the North Sea (ca. 100-300 Gt identified in the FP7
GeoCapacities project), most of the remainder lying in saline aquifer formations.

The realistic technical potential identified in this study for CO,-EOR in the UKCS is an
incremental ca. 2.4 billion barrels of oil, in ca. 19 anchor oilfields, with an additional ca. 3
billion barrels in ca. 11 anchor oilfields in the Norwegian and Danish sectors. Note that
significant additional capacity may be available in other smaller fields (not listed in the
Heriot-Watt database).
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Figure 5: Incremental oil potential of the candidate oil fields

2.5 Technical uncertainties for CO,-EOR

There are fundamental uncertainties around reservoir performance under CO,-EOR
conditions, and infrastructure required to deliver optimum performance. The oil and gas
industry are experienced at managing these uncertainties at the levels of individual wells,
platforms, fields and through careful management of portfolios of oilfields.

Some engineering and cost uncertainties were investigated through the 2008 SCCS-led

study,SAi©@®@age around Scotlandd and more recently

t

hr



(Front end engineering design) studies for the Longannet-Goldeneye and the Kingsnorth-
Hewett CCS projects.

In general, two interdependent uncertainties facing generic studies such as this are CO,
and oil profiles over time, and the well configuration required to deliver these.

In quantitative terms, the reservoir uncertainties can be described as (i) the amount of
additional oil recoverable (high quality reservoir models and data are required to narrow
down uncertainties here); and (ii) the amount of CO, required to produce incremental oil
and the amount of CO, that could be stored permanently.

Another unknown is the well infrastructure required for operation of the project. This could
involve new CO, injection wells, new water injection wells, and new hydrocarbon
production wells. However it is more likely that some of the existing wells could be re-used.
This may involve some relining to make the wells CO,-resistant. In some cases old wells
will need to be plugged and abandoned in a manner that allows long-term resistance to
COs,.

The well design could be simple vertical wells or more complex wells such as deviated
wells, horizontal wells or multilateral wells. The complex wells are more expensive but
could provide higher performance for some reservoir types. The flow rates in wells could
be as low as 0.1 Mt/yr/well up to a maximum of 4 Mt/yr/well. Flow rates in wells may
change over time, e.g. as a function of pressure changes. Whereas onshore EOR
injections can have hundreds of relatively cheap vertical producer wells, water injection
wells and CO, injector wells, offshore experience for primary and secondary production
suggests that fewer wells could be used.

These uncertainties can be narrowed (but not eliminated) through detailed reservoir
simulation and FEED-level engineering using high quality data on the reservoirs and
existing well and platform infrastructure available. In addition to these, other unknowns
include the NPV and the risks of alternative options.

2.6 Critical assessment of data and assumptions

The NorthSea presents novel technical challenges that ch
oft humbo developed i n TGOxEOR pdrfarmancs.cTheeddfereanceyg f or

between the North Sea and Permian Basin geology (the location of the majority of the

wo r | d éEBOR @rgects) are well understood by oil companies, engineering firms and

CO,-EOR developers.

As well as being offshore, North Sea oilfields are found in deep sandstones with typically
more fault blocks, steeply dipping beds, sweet oil with higher API, high permeability. In
contrast many of the Permian Basin EOR projects (all onshore) target low API (i.e.
heavier) oil in shallower horizontal, low permeability carbonates with limited faulting. Partly
as a result of these differences, some stakeholders are nervous about the likely
performance of CO,-EOR projects.

These differences pose a challenge to screening reservoirs for CO,-EOR relevance, but
they do not imply that performance will necessarily be lower (or higher), although obviously
the costs will be different as onshore projects are considerably cheaper than offshore
projects.

As projects advance through stage gates, rules-of-thumb for basin-level screening are
replaced with detailed numerical and engineering models based on high quality data. The
costs for these studies can run into millions of pounds. However not all organisations will
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have access to the data, models and know-how to understand EOR performance, which
can lead to a reluctance to embrace the technology.

By way of comparison, despite these potentially more complex conditions, there is
considerable success with secondary recovery in the North Sea. Of greater relevance, an
example is the success of the miscible gas injection project at the Magnus field, in a
faulted, tilted, sandstone reservoir with large well spacing and high permeability.

There are not many North Sea field-specific CO,-EOR techno-economic studies in the
public domain that use high quality reservoir and cost data and models. Publicly available

data are limited in reliabil i t vy ; not all data are avail abl

provide a distorted view of actual reservoir properties. Many studies have adopted
screening criteria that may in fact be much less relevant in a North Sea context than in
Texas (for the reasons highlighted in the Appendix). Therefore the number of fields,
incremental oil production and storage capacities identified in the database may be
significantly over-estimated or under-estimated.

Considering the reasons above, all stakeholders would benefit from a detailed, site-
specific, up-to-date and widely available engineering study on the optimum configuration
and performance for CO,-EOR projects and clusters (i.e. well design, well numbers,
COy/oil/water flows, CO, recycling). To narrow uncertainties over performance and costs,
this engineering study should include both reservoir modelling, facilities engineering, and
life-cycle environmental impact compared with alternatives.

The engineering solutions to adapt existing infrastructure (primarily wells and platforms), or
to manage constant or gr owi ngovertimeenihimsan EOR
context have not been well described and for maximum value, the engineering study
should consider how CO, flows over time can be managed. This should lead to robust
scenarios for the growth of a cluster involving multiple EOR fields.

By way of comparison, many stakeholders have found the recent FEED studies published
by DECC for the Goldeneye and Hewett fields useful. Publicly available FEED studies
ground expectations of equipment needs and costs, and eliminate information
asymmetries that makes it difficult to build trust across parties within the CCS value chain.
They help the supply chain identify the nature and scale of opportunities. However these

for al

ifresho ¢

information benefits come at a price. Shel l

77,000 person hours and cost £13m for the Longannet-Goldeneye project (out of a total
FEED spend of nearly £40m before the competition was abandoned). The engineers
involved had access to Shell ds very high
noted that FEED studies can become out-of-date within a few years, as project
requirements or market prices change over time."

Smaller oil companies may find high opportunity costs for the internal resources required
to develop a CO,-EOR project (cf. large companies like Shell), particularly for the power
and capture components and interfaces.

2.7 Wider CO, storage capacity in the North Sea

The forthcoming ETI-sponsored UK Storage Appraisal Project provides the first
comprehensive, transparent, and auditable assessment of UK offshore storage potential. It
excludes CO,-EOR however.

®DECC6s CCS commercialisation programme includes t
considered unlikely that an oil company would unilaterally pay for and then publish this information. This is partly
because it could affect asset values substantially.
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The study locates and identifies the capacities, risks, and economics for nearly 600
storage locations in the UK Continental Shelf. The combined theoretical CO, storage
capacity from all depleted fields and aquifers is estimated at ca. 78 Gt, well in excess of
UK needs under all foreseeable scenarios. Of this 68 Gt is found in aquifers.

However, the ultimately commercially deployable capacity may be significantly lower once
technical suitability and cost of accessing the sites are considered. In the absence of CO,-
EOR, hydrocarbon fields will not be available for storage until they have ceased
production. For some aquifers it may take several years and £10s of millions of up-front
expenditure in site appraisal before these can be developed for full-scale injection.

Given the long timeframes for site development, oilfields that have already commenced
technical analysis of EOR may therefore significantly expand the theoretical potential for
CO, storage in the Central North Sea in the near term.

@ CO2 Point Sources (t:p 50) ’
O Saline aquifer (confined)
O Saline aquifer (open)
O Depleted hydrocarbon fields
SizeMT
10
° 100
O 1,000

o energ
technologiez
Figure 6: Clustering of CO, storage locations in the Southern, Central and Northern
North Sea, East Irish Sea. The figure also shows proximity of CO, storage locations
and power/industrial sources™

'® UK Storage Appraisal Project (in press), Image taken from DECC CCS Roadmap (2012)
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3 Barriers for growth of CO,-EOR in the North Sea

This chapter provides a brief description of the barriers for deploying the CO,-EOR
technical potential described above.

The main barriers to CO,-EOR identified from stakeholders are:

0] Challenges in matching CO, supply with demand (e.g. lack of a reliable supply
of CO, within the tight window of opportunity before fields are
decommissioned)

(ii) High project complexity i the need to create stakeholder networks across
diverse industries, a high regulatory burden for CO, storage,
(iii) A wait-and-see approach from existing oil company owners and their service

providers, partly as a result of scepticism over CCS policy, technology costs
and performance, fragile EOR economics.
(iv) Weak financial incentives (project economics are discussed in Chapter 5)

Additional issues of concern include access to existing data, models, expertise and
infrastructure and lack of active NGO support for CO,-EOR.

3.1 Matching CO, supply with demand

CCS with CO,-EOR involves several geographically specific investments in power

stations, capture plants, pipelines, and oilfields*’. The EOR field will have an fi o pti

economico CO, injection profile. The emitter/capture system will independently have an
fopti mal €0,0supplyn icanfiguration. For early projects, developing optimal
system wide CO, transfer may be challenging as partners need to match supply and
demand for CO, over long and short timescales precisely. In some cases, views of what is
optimal for any specific component or the system as a whole may change over time. In the
case of a large integrated network with multiple sources and sinks the overall system

ma |

filuiigdi tyo ought to be higher, enabling easi

demand at individual nodes in the network.

Over short timescales (e.g. within day), power stations may need to respond to electricity
network supply and demand, implying a need for capture, transport, storage and EOR
facilities to manage variable flows (including no-flow). Conversely, problems with individual
wells are common in the oil and gas industry, but it would be a novel challenge for the
electricity market if the requirements of CO, stores were to impact power generators.

Over medium timescales (e.g. months), all parties linked in a CCS chain will need to co-
ordinate maintenance schedules. This will be in addition to standard co-ordination
maintenance activities (e.g. within the electricity network or within a linked oil-import
system).

Over long timescales (e.g. over years), CO, storage capacity may become limiting in any
given field. There are very long lead-times for offshore infrastructure, implying plans to

developt he fisecondo and Athirdo stores may need

that a new coal power station with full CCS is sanctioned®.

7 Shipping-based solutions can be more flexible but still require specific locations for liquefaction and offshore
loading facilities. Ship transport is also much more weather dependent than pipeline transport.

'8 This would also be the case if multiple small storage only sites are considered o r i f astor@ but with | e O

injection facilities dispersed over a large area were considered.
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Long-term CO, storage capacity management will be less challenging for gas power
stations, as the carbon intensity of gas is lower than for coal, and load factors for gas
power stations are frequently lower than for coal (although this depends on the relative
prices of gas and coal). However, the lower CO, supplies from gas power stations may not
be attractive for oilfields if these result in very long project lifetimes. An additional potential
complication is that in the late 2020s gas power stations with CCS may need to balance
high levels of renewable electricity supply, implying CO, flows could become highly
dependent on weather conditions (unless suitable buffering facilities were developed).*®

Typically CO, i njected #fAbreaks througho to oil producing
following first injection. The amount of CO, recycling at the oilfield will grow over time,

limited by offshore recycling infrastructure capacity. Due to CO, co-production with oil, an

individual EOR project will have a declining need for fresh captured CO, over time,

possibly ceasing CO, import within ten years. It may be possible to extend oil production

using purely recycled rather than fresh CO,. Two alternative CO, injection and recycling

scenarios are illustrated below i the upper diagram illustrates a project optimised to

accept a steady stream of CO, for ten years. Thereafter recycling of CO, is used to

increase oil production, although it may also be possible to cease oil production and simply

store CO.. In contrast the lower figure depicts a declining CO, acceptance rate, which is

more analogous to projects in Texas which are currently optimised to minimise demand for

CO, over time and instead maximise CO, recycling. The fibaseodo oi l refers to oi
after CoP year.

19

http://downloads.theccc.org.uk.s3.amazonaws.com/0610/pr_supporting research element
Energy CCS on gas _and industry.pdf
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Figure 7: lllustrative alternative theoretical CO, injection and recycling scenarios

(data refer to simplified model of the Claymore field).

Once a project is operational, the value of fresh CO, for an oil company clearly decreases
over time. In contrast, the power sector (or industrial emitter) is expected to face a growing
financial incentive to store CO, due to the knock-on impacts of rising penalties from the
ETS or carbon price floor.

The following strategies might be employed to maximise CO, storage within EOR projects:

il

Injection locations within the reservoir and well design could seek to maximise
long term CO, storage potential (rather than maximise oil production which has
been the focus of EOR projects historically).

Offshore production, injection and recycling infrastructure capacity can be phased
over time (i.e. less capacity at the start, more capacity in later years). Alternatively,
offshore production, injection and recycling infrastructure capacity can be sized at
the project start to cope with requirements at the project end, i.e. in this case
infrastructure would be under-utilised at the outset.
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1 Additional CO, injection wells could be installed at the platform, directing CO, into
an alternate store (e.g. an aquifer which overlies or underlies the oilfield) from the
same platform.

1 As well as CO, transported for EOR, CO, can be directed to a CO, storage site
developed elsewhere.

1 A technically feasible alternative would be for the source to cease CO, capture, or
vent captured CO, at some point along the chain T with appropriate penalties.

These options add additional costs and complexities onto the costs of CO,-EOR relative to
previous experience in west Texas. As such they create a more complex project critical

path and first-of-a-k i nd ri sks than might be the <cas

hydrocarbon field or saline aquifer.

3.2 Timescales for decommissioning

The lack of CO, for the near future means that the UK cannot exploit its CO,-EOR
potential yet. However, late adoption of CO, capture will lead to missed opportunities for
CO,-EOR, as oil production infrastructure is decommissioned.

A good example is the Miller oilfield. This was proposed by SSE and BP for CO,-EOR
before UK CCS policy had been developed. The field has now been decommissioned and
the costs for reinstalling the oil production equipment are expected to make CO,-EOR
prohibitively expensive.

Considering only Scottish EOR sinks, it is not possible to ensure all oilfields can be used
as the timescales for field decommissioning and supply of CO, are poorly matched, if
fields are only considered for CO,-EOR at Close of Production (N.B. Earlier injection is
possible). However, prudent planning could allow some of the oilfields with close of
production dates between 2020 and 2030 to be deployed with CO,-EOR.
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Table 3: Opportunities for CO, EOR, storage, capture and transport timescale until 2035 (list is not exhaustive)

“New” Anchor

Phase | — developed in 2016-2020

(allow CoP 2013-2023)

Up to 1 field from

Phase Il 2021-2025
(allow CoP 2018-2028)

Up to 3 additional fields from
Ninian (UK)

Phase lll 2026-2030
(allow CoP 2023-2033)

Up to 6 additional fields from
Cormorant (UK)

Phase IV 2031-2035
(allow CoP 2028-2038)

Additional fields from
Claymore (UK)

Alba (UK)
Anchor Murchison (UK/NO) Scott (UK) Brae (UK) Piper (UK)
EOR Nelson (UK) Dunlin (UK) Buzzard (UK) Ula (NO)
Fields Ninian (UK) Beryl (UK) Forties (UK) Troll (NO)
Scott (UK) Cormorant (UK) Thistle (UK) Dan (DK)
Dunlin (UK) Brae (UK) Claymore (UK) + small satellites
Beryl (UK) Buzzard (UK) Piper (UK) (Additional Norwegian sector
Cormorant (UK) Forties (UK) Gullfaks (NO) fields available after 2045)
Tordis (NO) Thistle (UK) Vigdis (NO)
Clyde (UK) Claymore (UK) Snorre (NO)
Fulmar (UK) Piper (UK) Ula (NO)
Tordis (NO) Troll (NO)
Gulifaks (NO) Halfdan (DK)
Vigdis (NO) Dan (DK)
Snorre (NO)
Ula (NO)
Halfdan (DK)
Dan (DK)
Goldeneye e.g. up to 8 additional depleted e.g. up to 20 additional depleted

Storage only

2 Danish fields supplied from Rotterdam
SNS/CNS/NNS  gasfield/aquifer

e.g. up to 4 additional depleted
gasfields, oilfields or aquifers

gasfields, oilfields or aquifers

(more likely use a few large
ones)

gasfields, oilfields or aguifers

(more likely use a few large ones)

0-4 projects each 0.5-5 Mt/yr.
eqg.
0-5 Mt/yr from Humber, Tees, Grangemouth

0-2 Mt/yr from Peterhead

Up to 8 projects cumulative,
each 0.5-5 Mt/yr

Up to 20 projects cumulative,

Up to 40 Mt/yr from Humber

Up to 20 Mt/yr from Tees

Up to 15 Mt/yr from Thames

Up to 100 Mt/yr from continental

Capture Up to 5 Mt/yr from Thames each 0.5-10 Mt/yr. Eurape
0-5Mt/yr from Netherlands
0-2 Mtyr from Mongstad or Karsto
- - . . Some re-use (e.g. reverse
0-2Re-use exisfing pipelines in gas phase low capacity Some re-use Some re-use Europipe from Eemshaven to
(Scotland) Draupner)
Offshore 0-3 New exact size or future-proofed pipeline (Tees, Grqw papamty in large purpose-  Grow capa(;lty in Iqrge Grqw papamty in large purpose-
Transport Humber, Forth) built pipelines — only from key purpose-built pipelines — only built pipelines — only from key

0-2 CO2 ship routes (small volumes or large offshore
distances)

hubs

Limited shipping

from key hubs
Limited shipping

hubs

Limited shipping
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Moreover, as production declines at the oil fields, export infrastructure may be
decommissioned or become too expensive for remaining production (e.g. Forties Pipeline
System (FPS) i cessation notionally 2030).

CO, recycling requires a source of energy for compressors. Lack of availability of fuel or
electrical power would create a barrier to EOR deployment. Many installations in UKCS
are already fuel gas deficient and importing fuel gas to maintain operation. Continuation of
gas supply from Norway is likely, given the general requirements for UK import.

The requirement for fuel gas favours EOR targets with connection to or in vicinity of
Norway-UK gas transportation systems, although an offshore super grid may be a game-
changer for power supply.

3.3 Engineering challenges

CO, injection scenarios to ensure maximal long-term geological storage for CO, will
require different conceptual approaches to reservoir management than practised to date,
leading to novel infrastructure designs.

Mixtures of CO, and brine will corrode carbon steel, implying existing materials may be
unsuitable and more expensive alloys are required. So far there are few convenient
reference projects indicating optimised offshore processing requirements i each developer
needs to start from scratch and factor in higher contingencies for unexpected costs, and
larger downside risks than might be the case for more conventional approaches to
boosting recovery (or when CCS is considered mature)

It is essential to ascertain that reservoir rock will not be destabilised by contact with acid
brine to the extent that injection wells are compromised (e.g. by mobilisation of fines
leading to blocking of pores) or production wells become damaged (e.g. due to dissolution
of minerals in the reservoir leading to precipitation of inorganic scales in the production
tubing as fluid pressure is reduced). Also, after decommissioning, all of the wells will need
to retain their integrity over long time frames if in contact with CO, or CO, saturated brine.

Because of the need for detailed modelling and infrastructure planning, a CO,-EOR project
requires a long lead time, with parallel but interdependent work streams on CO, supply,
transport, and potentially buffer storage. Importantly there is a need for regular dialogue
between reservoir engineers, topside facilities engineers, pipeline engineers, power
engineers and chemical process engineers at all stages to avoid incompatibilities. Since
this can take several years, during which time project plans can change and assets can
change ownership, there will be a need to maintain technical competences.

In addition, oil production pilot projects are more expensive for offshore fields with respect
to onshore oil fields (i.e. Texas); therefore core experiments are conducted prior to the
offshore oil production. Several core samples are collected from the oil field and potential
recovery processes (water, CO,, etc.) are tested on these cores. This process can take a
couple of months and is followed by detailed reservoir modelling. Core samples and
existing models could be unrepresentative however for a specific reservoir. Therefore
some uncertainties will persist after experimental analysis and modelling.

Furthermore, recognising that clusters of CO, sources onshore and CO, storage and EOR
offshore are essential to minimising CO, transportation costs, there remains little
consensus on the most appropriate investment choices for the UK and Europe in terms of
offshore transmission infrastructure. Key choices include start/end and hub locations,
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capacity, topology, pressure management, entry specification, phasing, role of shipping 1
all of these may impact the potential for CO,-EOR, as well as broader questions
concerning the overall costs, risks and benefits of CCS.

The large uncertainties on CO, supply and storage capacities, and long lead times with
high finance rates, make it very challen
proof o infrastructsiminmgeipelines)g. through over

A pre-FEED study could examine in more detail how infrastructure should be future-
proofed for EOR, how CO, transmission and distribution pipeline networks for a cluster of
EOR projects could grow over time, and how platform and well investments should be
managed in the context of uncertainty over the timing, amounts and specification of CO,
supplies. This would allow more informed debate on these issues, and improves the
chance that demonstration-phase investments could contribute to larger roll-out, although
this report recognises the challenges of linking this with the ambitious timetable for
DECC6s CCS commercialisation programme.

There is little detail in the public domain on the number, design and positioning of CO, and
oil wells, injection facilities, CO, recycling facilities, the potential for infrastructure reuse, or
MMV costs for CO,-EOR projects. Also unclear are the needs to revisit previously
abandoned wells. Nor is it clear to what extent these parameters might differ between
sites. In the absence of FEED-quality data to the contrary, stakeholders may conclude
EOR is too expensive i this could lead to missed opportunities.

3.4 Shared equity ownership of oilfields

Oil and gas companies, as a rule, have substantial expertise in drawing up commercial
structures to optimise risk management and relatively few assets in the UKCS are licenced
by a sole company. In general, licences are shared by several partner companies one of
which (usually but not al ways) wil!/ be designated

is generally shared between the partners, thus spreading risk and reward, and partner
approval, often with voting along the lines of share ownership, will be required for
substantial developments (such as EOR).

Considering multiple number of partners, commercial tensions between partners with
different views on strategy could be expected for CO, EOR. The UK no longer has an
equivalent of a national oil company to make nationally strategic or innovative investments.
I ndeed some field owners treat the UKCS
elsewhere in the world. Many UKCS fields have shared equity partners with diverse
characteristics, including

() Global reach, large balance sheet, ability to share technical experience, ability to
absorb risk on specific projects;

(i) Regional reach, late life asset management, limited access to specific
technical/development expertise, ability to absorb risk is limited; and/or

(i) New entrant company, no operated assets, highly leveraged, no appetite for
CAPEX risk

The process to reach commercial agreement among these classes of oil companies for a
given field could be protracted and/or a barrier to progress, especially if one partner has
very little experience or interest in CO,-EOR.
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3.5 High oil taxation

The oil and gas tax environment is complex and very different to that of most low carbon
energy technologies and will be very different for CO,-EOR projects compared with
6conventi onal 6nolbgy wvestnaentd ®he bourelaribs between oil and gas
taxation and CCS taxation regimes may distort investment decisions, particularly in
respect of decommissioning infrastructure. This applies to CCS as well as for CO,-EOR.

The main issues are:

(i)

(ii)
(i)
(iv)

(v)

(Vi)

The tax payments for an individual field can be opaque, which may create a
challenge to accurate evaluation of CO, -EOR economics by third parties.

The tax treatment of decommissioning, change of use, and future developments
concerning brownfield developments, add to complexity.

Recent changes in oil tax levels have created a new instability in project returns -
oilfield investors will now factor this into their financial models.

The levels of taxation are very high (up to 81%), reflecting the typically
Asupewvan®r profits from conventional o]
to minimise the economic rents for oil companies while maximising overall UKCS
capital investment, but these do not factor in the market failures, added

complexity, informationasymme t r i es, and fApubl i, EORRoo0do

Although field allowances are available for High Pressure High Temperature
fields and fields developed West of Shetland, there are no specific tax benefits
yet available for CO,-EOR.

There does not appear to be an industry consensus on the preferred taxation
structure to incentivise CO,-EOR with permanent CO, storage whilst maintaining
a level playing field for other oil production and CO, storage options.
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Table 4: Oil taxation structure of the UK, Denmark and Norway

Description

It is charged on the profits of the companies. Unlike other
industries, corporation tax on North Sea production is ring-

Total Tax Rate | Total Tax Rate

(CT +SC)

(CT + SC + PRT)

i 0

Corporation Tax fenced, which means that losses on the mainland cannot 30%
offset against profit from offshore fields. 62%

Supplementar Almost same structure with corporation tax

Chgf e y (in addition to corporation tax). It applies to company's ring 32%

9 fence profits but excludes financing costs.
UK 81%

PRT is only payable on oil fields approved before March 1993
(which received development consent before mid-March
1993). It is charged at a rate of 50% on the profits (It is

PRT treated as a deductible expense for both the corporation tax 50%
and the supplementary charge.) PRT liability is field specific
and difficult to predict as it can depend upon historical tax
position and available allowances of the field.

Corporation Tax 28%

Nor wa - 78%
Special Tax 58%
Corporation Tax 25%
Denmar 64%
52% Tax 52%
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3.6 Commercial, communication and cultural barriers

The development of a CO,-EOR project coupled to a source with CO, capture and CO,
transport is complex, and requires extensive dialogue between stakeholders over many
years to build confidence. The stakeholders include direct project participants (i.e. the
source, capture provider, transport provider, and oilfield), but also many other
organisations (technology suppliers planning major investments, multiple Government
departments, planners, HSE regulators, Environment Agency, large NGOs as well as
dedicated groups concerned about specific project impacts, financiers, insurers,
policymakers, and the advisors to all these stakeholders).

The engineering and commercial approaches differ substantially between power

generation and oil production, so there is a significant potential for misunderstanding.

Anecdotal evidence from stakeholder discussions includes differences in understanding

the levels of approval or commi t ments in place, and how contingel
exceedod costs are treated in financi al model s and
project partners and supply chains are frequently international, so that cross-cultural

differences can also be a source of misunderstanding.

Publicly quoted companies typically use tightly controlled communication channels for the
dissemination of potentially market sensitive information. This is particularly important for
small or medium size oil companies as announcements around individual EOR projects
have the potential to impact share price. Therefore communication is limited between
these organisations and government, regulators, CO, sources, capture developers and
transport providers on the potential availability of EOR. This makes planning of
infrastructure for CCS with EOR difficult, risky and/or inefficient.

In contrast successful infrastructure development for other low carbon technologies or
waste management solutions have involved frequent and high profile debates on
competing visions and costs over many years. Sometimes this is because smaller private
equity-backed developers can be flexible around announcements or changes of plan.
Alternatively it is partly because electricity or waste markets are frequently economically
tightly regulated, and decisions around individual projects are unlikely to change overall
risk/reward profiles.

In addition, the cultural fit between the CO, storage agenda (essentially more similar to
waste disposal than extraction of a valuable resource) and the CCS or CO,-EOR agenda
is challenging. Only a handful of the largest oil companies show a sustained agenda to
support new technologies or the additional efforts associated with CO, reduction.

Taken together the commercial, communication, and cultural barriers may discourage or
delay progress in advancing CCS projects through the various stage gates from concept to
final investment decision. Even after project sanction, it is possible that decisions taken by
a CCS project (for example a technical change such as CO, purity specification) may not
be optimal from the system as a whole but instead reflect the inertia or risk profile of an
individual partner within the CCS chain.

3.7 Permitting and regulatory barriers for CO,-EOR

Subject to satisfying health, safety and environmental regulations, an oil company
exploring conventional approaches to boosting oil recovery (waterfloods, in-fill drilling etc.)
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need only submit an amended field devel opment

department (DECC EDU). In contrast for CO,-EOR development the permitting and
regulatory burden is considerably more complex and brings associated risks.

Not only will oil producers will initially need an amended field development plan (approved
by DECC EDU) but the project will also require:

1 astorage license (approved by DECC EDU)

1 astorage lease (granted by the Crown Estate)®

1 a plethora of licenses and consents associated with power stations, capture
plants, and pipeline infrastructure (potentially more than 50°%) which a full chain
CCS project developer must acquire prior to, during, and upon closure of a CCS
project, with a number of different regulators involved in granting the different
licenses and consents.

The timescales for these are not well aligned. Some permits involve extensive consultation
with a large and diverse list of potential statutory consultees. Investors will nhot sanction
FID (Final Investment Decision) if the legal requirements are not fully met, and will be very
unlikely to pass FID if any significant license or consent is outstanding across the entirety
of the CCS chain (including if there is uncertainty around long-term liabilities post-project
closure).

Importantly, for a single EOR project or a cluster involving a few capture plants, few
pipelines and few EOR fields, failure to obtain a permit for each component could
jeopardise the overall system. Cross-border CCS and/or EOR projects will pose additional
regulatory challenges, although it should be possible to develop agreements similar to
those for cross-border oil and gas infrastructure projects.

Similarly, developers must consider multiple existing regulatory frameworks including the
EU CCS Directive, the EU ETS Directive, UK National Policy Statements in the Planning
Act 2008. However the regulatory frameworks for CCS are evolving rapidly. This presents
a regulatory risk for investors. Even if the regulations remain fairly stable (considered
unlikely) there is uncertainty as to how regulations will be implemented by inexperienced
regulators, how storage licenses will be awarded, and how eventual handover of a store
back to the State would work in practice. The UK has yet to finalise regulatory frameworks
and guidelines for the transition from hydrocarbon production to CO, storage, third party
infrastructure and storage site access, and financial security arrangements. The EU CCS
Directive itself will be reviewed in 2015 and changes to this could significantly affect the
rollout of CCS.

Although the Energy Act 2008 provides for CCS and CO,-E OR, AThe Stor
Di oxide (Licensing) Regul ations 20100 do

% The Crown Estate will award first an Agreement for Lease, which is an exclusive time-limited option for a
defined area of the seabed. Thereafter this can be converted, subject to agreement, to a lease which provides
exclusive storage rights over a defined area of the seabed plus 3D subsurface formation for a defined volume or
gleriod (covering post-closure monitoring). |

See for example:
http://www.decc.gov.uk/en/content/cms/emissions/ccs/ukccscomm_prog/feed/scottish_power/consents/consents.
aspx and
http://www.decc.gov.uk/en/content/cms/emissions/ccs/ukccscomm_prog/feed/e_on_feed /environment /environ
ment_.aspx
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position for CO, recycling in EOR operations is uncertain (impacting ETS credits and
potential subsidies linked to CO, storage).”*

3.8 Liability issues

It will remain difficult for Management Boards to sanction major capital investments when
the long-term liabilities to shareholders are unclear.

In brief, under the CCS Directive to avoid payments for CO, emissions under the ETS,
CO, sources must demonstrate that the CO, is permanently stored. Storage sites (whether
CO»-EOR o 6si mpl eb storage) mu st be I ic
requirements around CO, monitoring and leakage. For the Goldeneye field, Shell
estimated monitoring, measurement and verification (MMV) of storage could add up to
£3/tCO, to storage costs, even before provision is made for consequential damage or
potential remediation activities.

Under the Petroleum Act 1998, licensees are issued with a Section 29 notice, making
them liable for decommissioning of existing infrastructure. Moreover, all current and former
licensees are issued with a Section 34 notice under which they retain a liability in
perpetuity. However it is not clear:

I When the best time and method to decommission infrastructure is given the need
for long-term monitoring and potential site access.

T How to deal with infrastructure, e.g. that has already been abandoned (e.g. by
others).

T What liabilities are (or should be) if wells have been abandoned in line with best
practice but there is a hydrocarbon or CO, leak (either from the CO,-EOR field or
site in close proximity).

1 How infrastructure decommissioning liability (and tax reliefs) should be
apportioned between former licensees and new storage licensees.

1 What site remediation activities would be required, and how much these would
cost.

1 In the event of catastrophic site failure for CO, storage (considered unlikely),
would the oil companies be responsible for paying prevailing CO, prices (in
addition to agreed rules on oil leak compensation).

3.9 Diverse KPIs for different stakeholders

The need to achieve diverse KPIs for different stakeholders poses a key barrier to the
development of EOR projects and EOR clusters. The most important KPI for oil
companies, and other investors, considering CO,-EOR will be the project Net Present
Value.

Whereas the largest multinational power and oil and gas companies have large and
flexible resources, not all oil companies in the UKCS will necessarily be able to fund or be
exposed to the high capital costs of CO, capture, onshore and offshore transport, and
CO,-EOR through cash and may need to raise finance from capital markets. They will also
be unwilling to bear uncertain or unlimited long-term liabilities or provide financial
securities in respect of storage.

22 The CCS Directive prohibits the use of interim storage (i.e. CO, stored in one reservoir subsequently
transferred to other reservoirs), which may help balancing CO, flows for EOR projects, although no publicly
announced EOR project to our knowledge explicitly requires this.
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Additional KPIs assessed by oil companies when considering field investments relate to
cash-flow, profitability and risk profiles and include CAPEX, OPEX, avoided abandonment
costs, expected oil production, subsidies/tax structures and levels, price/volume
relationship for CO,, IRR and discounted profitability index (DPI), Value/Investment Ratio
(VIR), Unit Development Cost (UDC) and Unit Technical Cost (UTC), Breakeven price
(BEP), Return On Investment, Payback Period, Maximum exposure, Minimum economic
field size (MEFS). A description of these terms is provided in the Appendix.

For sources of CO,, providers of CO, capture and transport, the contracted volumes and
tariffs (or revenues) for CO, storage from the EOR project will significantly affect cash-flow.
The reliability of CO, supply and off-take will also be critical. In the case of insufficient CO,
volume contracted, the stranded assets and exposure to carbon price will be a risk. These
will be in addition to the intrinsic economics of their components to a CCS project.

For the UK Government, the primary KPlIs include timely delivery of demonstration, level of
subsidy required (net of taxes), the absolute project costs (inclusive of capture and
transport), levels of CO, avoided, efficiency (on a £tCO, avoided or £/MWh of
decarbonised electricity), ability to advance CCS technology and support future CCS
growth and cost reduction, contribution to electricity supply and energy security, overall
economic impact (recognising the ability to develop supply chains), reducing risks of
stranded assets, employment, global leadership, balance of trade, etc.

3.10 Lack of political support from most environmental NGOs for
CO,-EOR

The impacts from support or opposition for CCS and CO,-EOR projects from

environmental Non-Governmental Organisations (NGOs) should not be under-estimated.

Whereas the UK and Scottish Governments have been able to count on the support of

many environmental NGOs in their ambitions for energy efficiency programmes and

renewable energy deployment, this should not be taken for granted for CCS linked to CO,-

EOR?. Indeed some environmental NGOs have mounted high profile campaigns against

projects with CCS potenti al i n tahned WKSasgyo NfOGart o( e. g
Hunt erstond campaigns), and in Europe (where | ocal
storage have been exploited to stop projects in Germany, the Netherlands and Denmark).

The environmental NGO community is heterogeneous, but common KPIs for NGOs would
be overall environmental impact and strategic alignment with multiple policy objectives.
Potential opposition from NGOs to projects creates reputational risk for project partners
and investors. Concerns can be summarised as:

1 Direct CO, emissions to atmosphere from unabated fossil power generation (e.g. if
only part of the emissions from a new coal build are captured).

I Continued environmental and socio-economic impacts and imbalances from fossil
fuel production and distribution.

1 Downstream CO, emissions associated with combustion of produced oil.

i Crowding out of policy attention, infrastructure capacity, public subsidy and private
capital that might otherwise be directed towards energy efficiency measures or
renewable energy technologies.

% One NGO has indicated a possible precondition for supporting CCS-EOR would be firm
measures to reduce the dependence of the economy on oil.
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i Consistency of logic for combining a climate mitigation technology with the
increasing oil production, given that most oil is produced for combustion.

1 Inthe short-term, under a cap-and-trade scheme, CO, reductions within the power
(traded) sector may be counterbalanced by increased CO, emissions elsewhere.

A review of CCS and oil production life cycle carbon analyses studies identifies
ambiguities and challenges in defining appropriate system boundaries to understand
environmental impacts. To date there has been no independent, credible, and rigorous
assessment of the relative environmental impacts or displacement potential for CO,-EOR
in the North Sea compared with other marginal fossil fuel production technologies (shale
gas, Arctic or deep water drilling etc.), therefore it is not possible to support or reject
assertions based on this logic at this time. Nor has there been a full environmental impact
comparison between alternative approaches to CO, storage.

Some contributing factors to overall carbon life cycle assessment for CCS/CO,-EOR are:

1 Fuel choice for power station and its carbon intensity

1 Power station efficiency

1 Embodied carbon in power generation infrastructure

1 Capture efficiency (typically 90% of flue gas can be captured)

1 Efficiency penalty for running capture equipment (typically 6-12% reduction in
efficiencies)

1 Energy for compression/pumping for pipelines

1 Energy for liquefaction/regasification for shipping)

1 Energy for offshore CO, recycling

1 Subsurface CO, produced

1 Embodied carbon in CCS infrastructure

1 CO, recycled or vented

1 CO, leakage from subsurface (e.g. through faults, old wells)

1 Intrinsic carbon intensity of the oil (can vary between oils from different regions)

1 Oil refining infrastructure

1 Eventual emissions to atmosphere from use of refined oil (i.e. combustion vs.

chemical, efficiencies)
1 Embodied carbon in oil production and refining infrastructure

One KPI for NGOs will be project life cycle CO, emissions to atmosphere. However,
determining the life cycle emissions of a CCS project including EOR requires a definition of
appropriate boundary conditions for emissions to the atmosphere. However the lifecycle
analysis boundaries can be broadened to include multiple sources, multiple transport
mechanisms, multiple stores and CO,-EOR, and may also include CO, embodied in steel
produced, and the life cycle CO, emission factors associated with oil (a carbon-rich fuel).

Importantly, accounting conventions assign CO, reduction to the power sector. Therefore
to avoid confusion this should notbedoubl e counted as fAgreenodo oil product

Considering only CO,capt ure from a new coal pl ant with fsimp
field or aquifer, CO, emissions in the flue gases can be reduced by potentially up to 90%.

However levels of actual CO, avoided will be lower to account for additional energy

penalty for capture and compression, and consideration of what counterfactual energy

sources are displaced within the electricity network (e.g. mix of gas, nuclear, renewables,

etc.) which may change over time.
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Alternatively, considering only the carbon impacts for oil production, the carbon intensity of
crude oils has been estimated in the region 400-600 kg CO.e/barrel. Of this the
overwhelming contribution comes from combustion of refined products (<100 g/barrel from
processing and refining). Average historical CO,-EOR performance in Texas suggests
270-400 kgCO, is injected for every barrel of oil produced. The volumes of CO, emitted
from downstream oil combustion are therefore comparable the volumes stored, although
this is clearly highly sensitive to assumptions.

Displaced
Environmental impacts? electricity?

ca.70-90% saving relative fo equivalent unabated power plant
Coal Mining or LEEIETEET Power Plant CO,

Gas Production Processing & (with CCS) Transport
Transport

CO, Storage

CCS or CCS with CO,-
EOR project boundary for
accounting for emissions
to atmosphere underthe

ca. 270-400 kg stored
COy/bbl produced.
Assume any breakthrough
CO; is reinjected rather

EUETS than vented
Crude Oil Displaced
Transport & oil
Refining production?
CO, and
O Some environmental NGOs may view the Petroleum other
environmental impacts beyond the CO, accounting Product pollutants to
boundaries of a specific project withinthe ETS. Combustion atmosphere

ca. 400-600 kg emitted CO,/bbl combusted

Figure 8: CO, emissions associated with a CCS project including CO,-EOR.

As well as environmental NGOs, opposition to CCS investment (irrespective of whether
this is linked to EOR) may in the future also come from groups anxious about impacts of
the costs of climate mitigation being passed onto electricity consumers (notably reducing
business competitiveness and increasing household energy bills).

3.11 Scepticism around early development of CO,-EOR

The failure of the SSE/BP DF1 proposal for the Miller oilfield, and Norwegian projects
combining CCS with EOR, has fuelled scepticism across a wide spectrum of stakeholders
that large scale CCS with or without CO,-EOR will be deployed commercially in the North
Sea. There is considerable scepticism that any conventional oil company would sanction
CO,-EOR investment before CCS is considered
CO,. Therefore, many stakeholders, including oil companies and their supply chains, are
adopting a wait-and-see approach to CO,-EOR.

There is a danger however that lack of interest in CO,-EOR could become a self-fulfilling
prophecy. The limited focus to date on CO,-EOR from policymakers stems partly from an
apparent lack of strong policy recommendations from the oil industry. Overcoming this
barrier would require advocacy in favour of rapid progress from the UK and other North
Sea Governments in selecting CCS projects for demonstration, targetting transport
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infrastructure to be useful for oilfields, and providing clear policy support to underpin CO,-
EOR investments.

3.12 Constitutional change

Political uncertainty around future major constitutional change® could, if not managed
appropriately, lead to delays for power market investments and for oil and gas
infrastructure. This threat could be mitigated by reassurance to industry of a continued
high degree of co-operation between key stakeholders, notably the UK and Scottish
Governments around energy and climate policies.

24 http://www.scotland.gov.uk/Topics/constitution/a-national-conversation
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4 Scenarios for developing CO,-EOR in the North Sea

This chapter reviews the main drivers for CO,-EOR deployment and then considers how
these might be translated into informative scenarios to provide insight for Scottish
Enterprise on the likely order-of-magnitude of economic impacts.

The main drivers for CO,-EOR in the North Sea will be:

Funding for initial CCS demonstration in the 2010s

Support for CCS deployment in the 2020s

Oil prices

A broad base with political support and co-operation across a diverse range of
stakeholders.

1 The costs, risks and benefits of CO,-EOR vs. alternative investments (e.g.
decommissioning, alternative recovery techniques, CO, storage).

=a —a —a -2

4.1 Public funding for initial CCS demonstration in the 2010s

Recognising that CCS in the North Sea region could provide up to 8% of European
decarbonisation needs in 2030 (with volumes transported up to 270 Mt CO,/yr)* the UK,
Norway, Netherlands and EU have committed to supporting the development of full chain
CCS involving CO, storage in the North Sea. With carbon prices in the EU ETS currently
very low, this implies a need for public support for most of the additional costs of CCS.

The CCS programmes of the UK, Norway, Netherlands and EU have evolved considerably
in recent years as public and private participants have understood project requirements,
costs and risks more deeply. Significant progress has been made in the UK in developing
a supportive economic and regulatory environment for CCS, although challenges remain.

The principle mechanism for EU funding is the NER300 competition. The European
Investment Bank has now ranked CCS proposals for the first round of the NER300, and
the EC and Member States are reviewing the assessments i a final decision is expected
by the end of 2012. Three of the NER300 submissions indicated potential CO,-EOR
storage in the North Sea:

1T 2Co Energydés Don Valley Power Project,

MW (gross) IGCC coal power station with pre-combustion capture, onshore and
offshore transport by pipeline to the Central North Sea for CO,-enhanced oil
recovery.”® This has recently been ranked first of all proposals by the EC?’. The
project involves work with National Grid, Samsung C&T, BOC/Linde, Foster
Wheeler and BNP Paribas. 2Co is working on a study with Talisman Energy on
options for CO, storage with EOR in the central North Sea.

T CO, capture from a refinery site (Air Liquide), cross-border transport by ship, for
CO,-enhanced oil recovery in Danish oilfields (Maersk QOil).

invol vi

i Progressive Ener gy 6s Tees Valley proposal invol ving

IGCC coal power station with pre-combustion capture, onshore and offshore
transport by pipeline to the Central North Sea for CO, storage using a combination
of stores involving an aquifer and CO,-enhanced oil recovery over the life of the
project.

%% Element Energy et al. (2010) One North Sea
% This project was formerly known as the Powerfuel Hatfield project.
" http://ec.europa.eu/clima/funding/ner300/docs/2012071201_swd_ner300.pdf
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Of these, 2Co Energyb6s project has
Programme funding of up to Eurl85 million and leads the ranking of NER300 projects.
With a collapse in carbon prices, several NER300 applicants withdrawing from the
programme, and limited public monies among EU Member States for match funding, it is
possible that 2-3 of the original 13 proposals may actually receive funding support under
the NER300 competition.?®

rth il fiel
DON VALLEY POWI North Sea oil flelds

Dell

Yorkshire/Humber CCS Cluster
tions

€O, used to recover
*hard to reach”® oil & then
jpermanently stored 3km

potential to capture 18% under the sea-bed

UK annual emissions
650MW DON VALLEY POWER PROJECT

Hatfiold Colliery

\)_

Don Valley Offshore Data

* 800 jobs at peak construction

+ 300 North Sea Jobs in operatlon

+ Estimated £5 billion tax revenue from
additional 150 million bamels of North
Sea oil

= £1 billion investment in the North Sea.
infrastructure

heat and light for
one milllon UK homes

2000060y com

Figure 9 High level schematic for 2Co's proposed Don Valley Power Project. (Figure
not to scale).

In the UK, the Department for Energy and Climate Change has launched a new
programme to fund CCS projects and supporting infrastructure to be operational between
2016 and 2020. Financing will be provided through a combination of a capital grant (up to
£1 bn) and Contract-for-Difference Feed-in Tariff. Proposals have now been submitted and
will be evaluated in Q3 2012, with a view to an award by October 2012. Contract
negotiation will begin in Q4 2012. The Government is willing to support additional FEED
studies. Both the 2Co and Progressive Energy proposals described above are included in
the latest CCS competition. These will face stiff competition for funding from up to 16 UK
interested parties, including for example:

1 SSE/Shell/Petrofac proposal for post-combustion CO, capture at Peterhead gas
power station with storage at the GoldenEye field.

1 White Rose 426 MW (gross) oxyfuel CCS project at a new coal power station at
Drax power station (Partners include Alstom, BOC and Drax)

1 Captain Clean Energy Project, Summit Power/National Grid/Petrofac for a new
IGCC power station at Grangemouth with CO, storage in the Moray Firth.

4.2 Support for CCS deployment in the 2020s

Clearly policy support for CCS deployment in the 2020s will depend on the success of
initial CCS demonstration across a wide range of key performance indicators, not least

% http://ec.europa.eu/clima/funding/ner300/docs/2012071201 swd_ner300.pdf
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value for money. The direct budgets for CCS subsidies (including caps on feed-in tariffs)
will dictate the pace of CCS development at least until the early 2020s.

Although funding levels for CCS in the 2020s are extremely uncertain (and for example will
be linked to global climate agreements and macroeconomic indicators such as the health
of the economy), numerous reports have sought to quantify levels for CCS in the UK and
across Europe period to 2030 consistent with UK and global CO, stabilisation ambitions.

T The scenari os mo d@arbbreRlan idemtify up ® Q€ GW power
generation fitted with CCS by 2030, from both coal and gas sources, implying
many tens of MtCO,/yr. The CCSA, the industry trade association, has set out an
ambition for 20 to 30 GW of CCS to be deployed in the UK by 2030.

1 ElementEner gydés @AOne North Seaupplywvdlundsydirectalent i fi ed CC
from the UK, Norway, the Netherlands and Germany to the North Sea up to 30
Mt/yr in 2020. Looking ahead to 2030, a medium CO, supply of 35 Mt/yr was
estimated, within a large range from <10 Mt/yr to 165 MtCO,/yr.

1 The SCCS/Arup CO, infrastructures study identifies low, mid and high CO, supply
volumes across Europe of 50, 120 and 350 Mt/yr in 2030, although these
scenarios do not explicitly consider CO,-EOR.

T The European Co mmRoadmapd50 islentties batwgen 0.6% and
2.1% of gross electricity generation in 2030 will be supplied with fossil CCS with a
maximum of ca. 120 GW CCS power in the 2030s%.

1 The European Climate Foundation Power Perspectives 2030 study estimated 4
GW of power generation with CCS delivering 26-30 TwWh in 2020. For 2030,
Europe-wide capacity is estimated to be up to 38 GW of coal CCS and up to 16
GW gas CCS, delivering 231 TWh and 105 TWh in 2030 respectively.

4.3 Oil price

Previous studies have suggested that North Sea CO,-EOR projects could only be
competitive when real oil prices were sustained above $70-100/barrel. Until a few years
ago, oil prices of $100 were well above most central oil price forecasts. However, as
illustrated in Figure 10, the latest DECC forecasts are for central oil prices at $135/barrel,
with a fAlow oil price scenarioo at $75/ barrel

Oil prices are notoriously volatile, and future crashes in oil price cannot be ruled out.
However, given these revised oil prices, the fundamental economics of North Sea CO,-
EOR are now more attractive than when ideas were originally proposed in the early 2000s.

% http://ec.europa.eu/energy/energy2020/roadmap/doc/sec_2011_1565_part2.pdf
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Figure 10: Oil price forecasts

Periods of high oil price have historically been associated with higher offshore engineering
costs for industry, supply chain bottlenecks and pricing models that relate to opportunity
costs rather than production costs.

4.4 Political support and cross-stakeholder cooperation for
CO,-EOR

A high degree of support for CCS and CO,-EOR from policymakers in Scotland, the UK
and Europe, environmental NGOs, regulators, financiers, insurers, and, crucially, oil
companies and their service providers, and technical, financial and legal advisors to all
these stakeholders, will de-risk investments across the CCS and EOR value chains. This
will reduce costs (of finance and potentially through improved project design) and
accelerate the process of passing through project permitting and investment stage gates.
CCS is highly capital intensive, so even small reductions in the cost of capital can produce
significant reductions in overall project costs.

Examples for how the oil industry can assist with CO,-EOR development are provided
below:

4.4.1 Future-proofing and facilitating access to existing pipeline,
platform and well infrastructure

CO, handling and recycling pose infrastructure challenges. CO, has distinct chemical
properties and therefore metallurgical requirements, which may mean that some existing
infrastructure will be unsuitable for re-use. The costs for upgrading existing infrastructure
for CO,-EOR require case-by-case assessment of infrastructure 1T as such existing
operators will have much more insight than wider stakeholders.

If CO, supply does not match the timing of hydrocarbon production there could be a need
for mothballing infrastructure. This applies to use of infrastructure for CO, storage or for
CO,-EOR. Mothballing could be expensive (e.g. in the region £10s of millions/yr opex/site).
The alternative of complete removal and future reinstallation of oil production
infrastructure, as well as new CO, infrastructure, is expected to be prohibitively expensive.
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In addition to the platforms, North Sea has a large network of existing offshore pipelines
connecting oil and gas fields with each other and the shoreline. As oil and gas fields
deplete, some of these pipelines cease operation for hydrocarbon transport, and so could
in principle become available for CO, transport (as was proposed for both the original
DF1-Miller project and the more recent Longannet project).

However the need for appropriate locations, CO, volumes, metallurgy and phase
behaviour of CO, will create significant limits on reuse potential. By the time CO, pipelines
are required many of these pipelines could be 30-40+ years old, i.e. well beyond design
life. In some cases the challenges of age could be partially managed by reducing pressure
rating. For CO,-EOR there will of course be a need for both CO, and oil transport
infrastructure to be simultaneously available in the correct locations, increasing the
complexity.

4.4.2 Access to high quality reservoir data and models

North Sea field owners and operators possess and use detailed datasets, models and
know-how on the performance of individual reservoirs and design of topsides to optimise
performance in the short and long term. When assets change ownership, models - and
often key individuals - are transferred between companies. These data and models are
typically regarded as valuable intellectual property as the quality of decision making
improves considerably. The models can be used to estimate project values with a high
degree of precision. An ability to draw on existing models and know-how around existing
fields could significantly de-risk investments linked to a CO,-EOR cluster. Individual
developers and their due diligence advisors might obtain access to this information under
commercial confidentiality, but the ability of the wider energy system community to
comment critically on EOR investments is presently limited.

However, where owners/operators have limited interest in CO,-EOR, no mechanisms
currently exist to ensure that relevant data, models or know-how will be shared among the
more diverse stakeholders required for a CO,-EOR project/system to be developed. This
creates an asymmetry in negotiating positions.

Owners of oil and gas-fields are frequently multi-national companies with portfolios
carefully managed to ensure they meet their investor expectations for growth, income and
risk. UKCS oil and gas field assets change ownership frequently, and particularly between

Aipl ateaud operation and when output starts
innovative solutions to extend asset life,

cowsodo to fund major i n v eesstrity emthin the IUKGSW fhesee
owners may not always have experience or a strategic interest in supporting CO,-EOR.

Many fields have joint equity ownership among diverse partners. In these cases all
partners would be expected to conduct due diligence to support any major investment
decision, although typically one party would lead. Not all companies have the capacity to
manage the additional complexity of CCS investment, needing to consider power
generation, capture, and transport (onshore and offshore).

4.4.3 Commercial decisions on where to invest

In common with some of the renewable electricity generating technologies such as wind,
wave and tidal power, CCS involves highly location-specific investments. Realistically CO,
for EOR could be supplied from English, Scottish, Norwegian and EU sources, but
appropriate transport infrastructure ,RBOR
candidate oilfields are generally located more than 200 km from the east coast of the UK,
implying pipeline capital costs in the region of several hundreds of millions of pounds. This
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creates opportunities to future proof CCS investments to maximise future EOR application.
Equally there is a risk that investments will be locked into configurations that inhibit
optimum uptake of CO,-EOR.

In the current market, decisions around investment are currently led by CCS
demonstration project developers. The opinions of these stakeholders are mixed on the
merits of ensuring CO, capture and transport infrastructure investments are future-proofed
to maximise advantage for CO,-EOR. Considering only EOR, the ideal transport
infrastructure could be a limited number of tree and branch CO, trunk pipelines that can
service multiple onshore sources and multiple offshore oilfields, supported by CO,
transport by ship.

Case Study: The Forties Pipeline System (FPS)

This CO, infrastructure development scenario mirrors that of transporting oil from the
North Sea fields to shore. The O6Anchor
operating costs from building and oper a
Brent and Forties, where production started in the 1970s (very few satellite fields were
discovered at that stage). Subsequent users of the pipeline infrastructure do so usually
on a third party basis by paying a tariff per unit volume transported.

The Forties Oil Pipeline System (6FPS?d) has de
transportation network in the North Sea. Over 70 fields (mostly UK, but including some
Nor wegian fiel ds) now use the FPS. Fort
being at Cruden Bay, north of Aberdeen. An onshore pipeline carries oil south to the
Grangemouth refinery or Dalmeny tank farm. Oil is redelivered to users at the Hound
Point loading jetties in the Firth of Forth. It is thought that the FPS operating costs are
in the region of £90-100 million/year, including the offshore Main Oil Line pumps, Unity
riser platform (allowing many third party fields access to the FPS); onshore pipeline,
terminal, and export facilities. Total operating costs for the Forties field (including the
FPS) are currently thought to be around £200 million/year.

The FPS does act as a blue-print of what has actually happened in the North Sea,
based on a | arge éend fieldbé and subseq
are, in the UK, well-established precedents for the development of large-scale pipeline
infrastructure and the commercial agreements for their use by multiple parties.

Tariffs for new fields wanting to use the FPS are published in line with the UK
Infrastructure Code of Practice. Tariffs reflect the FP
costs and on-going operating costs. BP has the option to switch some existing (and
new) FPS third party users from tariffs to a cost-sharing agreement from 2015
onwards.

4.4.4 Attractive HSE, regulatory and economic environment

A range of organisations worldwide and in the UK are already co-operating in working
groups, Task Forces, and other consortia to resolve the HSE, regulatory, and economic
barriers to CCS. At present there does not seem to be a coherent voice arguing the
interests of potential EOR projects and their suppliers. Parties interested in promoting
CO,-EOR should ensure that these initiatives include the requirements for CO,-EOR. This
could include
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1 infrastructure HSE challenges specific to CO,-EOR

1 regulations around infrastructure and liability sharing for CO, storage and oil
production

1 economic incentives for CO,-EOR such as tax reductions (c.f. high pressure high
temperature fields)

1 accurate framing and messaging about the lifecycle environmental impacts of
CCS with CO,-EOR

4.5 Alternative investment options

Oil companies typically manage a portfolio with many assets. Investments are made
routinely on whether to extend, cease production or sell existing assets, trial new
strategies for increasing performance from existing assets, or expand exploration,
appraisal and production activities in new parts of the world.

High oil prices typically lead to extensions of economic life of existing projects. They also
raise the number of competing options for new oil company investments i in the UKCS
and globally.

Decommissioning costs for hydrocarbon fields can run from £10s to £1000s of millions for
the largest fields (mainly related to platform decommissioning). CO,-EOR offers an
opportunity to delay these costs by extending the use of existing platforms.

The impacts of decommissioning are treated in the economic model, although it should be
recognised that the full complexity around the tax treatment of decommissioning
expenditure may not be captured.

CCS investors may find storage only projects more attractive than EOR projects - either
because of lower costs, higher storage capacities, or being able to better integrate risk
profiles (e.g. oil price uncertainty) within the overall project structure.

4.6 CO,-EOR uptake scenarios

Given the diverse barriers and drivers for CCS and EOR summarised above, clearly a
wide range of outcomes are possible in terms of EOR levels in the North Sea. Scenarios
are frequently helpful to provide order-of-magnitude insights into how many oil fields can
be exploited and under what conditions. Scenarios are used to provide insight and should
not be treated as forecasts. Considering the opposite extremes:

1 If a CCS demonstration project comprising EOR is successful in the 2010s, if ol
prices are high, and if there is a large step increase in CCS policy support from
Government, industry and NGOs, then a Very High EOR scenario in the North
Sea could be developed and the levels of CO, supply could satisfy the demands of
at least 12 large fields and a few satellite fields developed over the period to the
early 2030s.

1 Conversely, lack of stakeholder support for CCS and CO,-EOR, unsuccessful
demonstration of CCS or CO,-EOR, or a collapse in oil price, could lead to
negligible uptake of CO,-EOR in the North Sea. Clearly between these extremes,
intermediate scenarios may be possible and may be more realistic.
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Following stakeholder discussions and sensitivity analysis we have condensed the

possible scenarios into four infgE®MBRO] VvBEGeCcEBhawi os,

CO,-EOR O, i Me g-EORO C®nd AVernkFORD.ghThEG e out comes

illustrated in Figure 11 below as a function of CCS policy support (on the horizontal axis)
and oil price (on the vertical axis).

Figure 11: Scenarios for developing CO,-EOR in the North Sea

4.6.1 No CO,-EOR uptake scenario

Scenarios with no CO,-EOR projects in the North Sea region in the 2020s are entirely
possible outcomes but are not discussed further in this study. Under these scenarios, the
Scottish supply chain could benefit from alternative EOR technologies, CO, storage in
depleted fields/aquifers, and/or oilfield decommissioning. These are outwith the scope of
the present study™.

4.6.2 Go Slow EOR scenario

In the Go Slow scenario, it is assumed that CO,-EOR projects in the North Sea will
emerge after one CCS demonstration project initially using storage in Phase | (2016-
2020). Only a handful of CCS projects are commissioned in Europe before 2030. The first
CO,-EOR demonstration projects come on stream in Phase Il (2021-2025) as an
opportunistic investment. Further CO,-EOR uptake is Ilimited as oilfields are
decommissioned.

% CO,-enhanced gas recovery (EGR) is not as mature as CO,-EOR, and therefore is also outwith the scope of
the present study but options for CO,-EGR could be considered as part of analysis of the benefits of an offshore
CO, network.

36

ar |









































































































































































































