
Document prepared by

Elsam A/S
Overgade 45, DK-7000 Fredericia, Denmark

Kinder Morgan CO2 Company L.P.
500 Dallas Suite 1000, TX-77002 Houston, USA

New Energy, Statoil
Forusbéen 50, N-4035 Stavanger, Norway

Rev-0 – 06 October 2003

Responsible Authors:
Sign. Name Affiliation E-mail
____ Olav Kaarstad New Energy okaa@statoil.com
____ Carl-W. Hustad CENS Project cwh@cens-co2.com

Responsible for Document Acceptance:
Sign. Name Affiliation E-mail
____ Kim Nissen Elsam A/S kni@elsam.com
____ David L. Coleman KMCO2 David_Coleman@kindermorgan.com
____ Hanne Lekva New Energy halek@statoil.com

Delivering CO2 to Gullfaks
and the Tampen Area

mailto:okaa@statoil.com
mailto:cwh@cens-co2.com
mailto:kni@elsam.com
mailto:David_Coleman@kindermorgan.com
mailto:halek@statoil.com


ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- ii -

SCOPE OF DOCUMENT

This document together with attachments describes all aspects of project definition
covering CO2-capture, transport and handling, that is necessary documentation to
illustrate a credible delivery of carbon dioxide (CO2) to Gullfaks and possible other
surrounding oil fields in the Tampen and adjacent area, prior to a “BoK” decision to
move into the next phase, as currently scheduled to be made mid-Dec 2003.

This document describes how three companies—covering the value-chain from CO2-
source via transporter up to end-user—have combined and are committed to securing
commercial delivery of the CO2-demand profiles for the Gullfaks and Tampen area
(shown in the adjacent figure).  Other companies such as Hydro Agri, Shell and
others have also co-operated and been part of the effort behind this document.

The present document is in accordance
with the scope of work as outlined in
Statoil Doc. PTT-KU-KL-053
“Feasibility Study for CO2 Injection
in Gullfaks – Description of Work”.
This document will throughout refer to
itself as the CO2-Supply Report.

This CO2-Supply Report is based upon
work covering two different CO2-
demand scenarios that have been

defined by Gullfaks (Scenario-1), and a larger supplementary Scenario-2 that has
been defined by the partners behind this report.  The Scenario-1 describes CO2-
delivery of 5 million tonnes CO2 per year (mtCO2/yr) starting in 2008 for a duration
of 10 years.  Scenario-2 describes delivery of 10 mtCO2/yr for a duration of 20 years
with delivery to Gullfaks and possible other fields in the Tampen Area, or to other
fields in the same general region on the Norwegian or UK side.

The document addresses all issues regarding identification of CO2-sources, security
of CO2-supply, logistics of CO2-handling and details for a CO2-transportation
infrastructure—using dedicated pipelines and / or ships.  For each scenario we
indicate the approximate cost for CO2-delivery to the Gullfaks-B (GFB) platform.
We will later, in step with the Gullfaks BGI Project, also present a technological risk
assessment together with a plan for the next phase.

Furthermore, it is recognised that the use of CO2 for EOR on the Norwegian
Continental Shelf (NCS) is part of an on-going broader debate having a national
perspective, and this report also addresses some of the macro- and socio-economic
issues that are relevant for all stakeholders.
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The document has been co-authored by personnel from New Energy / Statoil (New
Energy) and the CENS project partners comprising Elsam A/S (Elsam), the Danish
coal-fired power plant operator, and Kinder Morgan CO2 Company L.P. (KMCO2)
Houston, Texas.



ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- iv -

EXECUTIVE SUMMARY

The Gullfaks field has within the context of the Tampen-2020 Project, indicated a
requirement for 50 million tonnes of fresh carbon dioxide (CO2) in conjunction with
tertiary oil production at Gullfaks (and possibly satellite fields).  Initial delivery of
CO2 should be available at the Gullfaks-B (GFB) platform starting late 2007 or early
2008 for a duration of 10 years.

New Energy business development unit was charged by the Gullfaks / Tampen-2020
organisation, with the task of sourcing and setting up a logistics chain for the needed
volumes of CO2.  New Energy teamed up with the CENS project partners, Elsam and
KMCO2, and within the framework of a Memorandum of Understanding (MoU),
proposed delivering the specified volume from various sources in Northern Europe.

In this CO2-Supply Report we present two main scenarios.  Scenario-1 describes
technical and economic aspects regarding delivery of approximately 5 mtCO2/yr for
a duration of 10 years in accordance with the immediate requirements of Gullfaks.

Scenario-2 extends the analysis to include delivery of approximately 10 mtCO2/yr
for a period of 20 years to both Gullfaks and other (unspecified) fields in the Tampen
and adjacent areas within the Norwegian or the UK sectors.  The purpose of this
scenario is to illustrate the positive effect of larger volume deliveries with respect to
sourcing, the logistic supply chain, and costs.

Scenario-1 includes three possible sub-scenarios comprising:

 (A). A dedicated pipeline (18-inch diameter / 683 km length) from Esbjerg to
GFB.  The CO2 would be gathered from two of Elsam’s coal-fired power
plants: Esbjergværket, which is capable of supplying 2.0 mtCO2/yr, and
Enstedværket (located 95 km further south east near the German border) that
is capable of providing 3.0 mtCO2/yr, for a total of 5.0 mtCO2/yr.

 (B). Ship transportation of approximately 5.5 mtCO2/yr from multiple North
European sources (including 2.0 mtCO2/yr from Esbjergværket), to a
gathering and storage complex at Kårstø (alternatively Sture or Mongstad,
but these are not included in the current scenario economics) on the West
Coast of Norway.  Final delivery would be through a dedicated pipeline (20-
inch diameter / 324 km length) from Kårstø to the Gullfaks-B (GFB)
platform.

 (C). Development of Esbjerg, Denmark as a CO2-hub for gathering and
storage, together with a dedicated pipeline (18-inch diameter / 683 km
length) from Esbjerg to GFB.  Approximately 3.5 mtCO2/yr would be
shipped in from different North European sources, while 2.0 mtCO2/yr
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would be available from Esbjergværket.  The total 5.5 mtCO2/yr would be
commingled for delivery through pipeline to GFB.

In both sub-scenario (A) and (C) the necessary onshore pipelines are included in the
cost estimates.

Scenario-2 (10 mtCO2/yr) builds upon Scenario-1 (C) by capturing 5.0 mtCO2/yr
from the two Danish coal-fired power plants and gathering an additional 3.5
mtCO2/yr using ship transportation to Esbjerg from the same sources in North
Germany and the Netherlands.  Under this scenario, the offshore pipeline would be
expanded to 24-inch diameter, while maintaining the same length as in Scenario-1
(A) and (C).  A further 1.5 mtCO2/yr may be available through a spur line (8-inch
diameter / 100 km length) from associated gas at the Sleipner and Brae fields.

The CENS project partners have also evaluated a third option (Scenario-3) whereby
delivering 20 mtCO2/yr—with the additional volume coming from coal-fired power
plants in the UK.  This scenario is not described in the present CO2-Supply Report.

Conclusions:  This CO2-Supply Report demonstrates that there are a number of
medium and large-scale CO2 sources that may be suitable for supplying Gullfaks
with the CO2-profile of 5 million tonnes per year for a period of 10 years.  It was
determined that no single geographical source could supply all of the required
profile.  However we are pleased to note that several CO2-source owners described
in this report, have shown substantial interest in supplying CO2 to Gullfaks.
Considering that to most this is a new (and remarkable) idea, we find their interest
and enthusiasm very encouraging.  In the next project phase the source owners will
gradually have to confirm their commitment, eventually leading up to contract
signature.

Based on the collective experience of the partners behind this report we have found
no technological barrier to any of the proposed solutions.  Some technology elements
will, however, need to be qualified during the next project stages.

If the last quarter of 2003 and 2004 is used to efficiently progress the project, it is the
belief of the partners behind this report that a CO2-supply chain can be designed and
established to deliver first CO2 by late 2007 (or early 2008 latest), as requested by
Gullfaks.

Based on the results in this report we indicate that CO2 can be supplied all the way to
Gullfaks-B at a cost of between $39 - $46 /tCO2.  This is to be compared with earlier
results from the preliminary (late 2002) Tampen-2020 Screening Study that
concluded with a cost of about $38 /tCO2 delivered into a pipeline at Kårstø.  This
report therefore confirms the 2002 screening study results.
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Due the present level of study definition and cost estimation precision (±40%) both
long-distance pipeline from Denmark and ship transport from concentrated (but
geographically spread) CO2-sources should be investigated further in the next
project phase.
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1. THE COMMERCIAL CO2-SUPPLY BUSINESS

This document is unique in that it describes how one might commercially initiate the
first large-scale CO2-flood on the Norwegian Continental Shelf (NCS) and
potentially gather CO2 from throughout Europe in order to start a new industry
which could become the mainstay for prolonging activity in the maturing oil
reservoirs throughout the North Sea, which are currently moving into declining oil
production.

This document touches directly on many issues that have high priority with both
industry and government alike;  extension of field life, incremental oil, tax income,
CO2-sequestration and CO2-capture technology, are all issues that influence current
affairs—and will continue to do so for the foreseeable future.

Furthermore, circumstances in other mature oil regions that have evolved over the
past 30 years can also help us in the next step for CO2-EOR in the North Sea arena.
At the same time it is important to recognise that the North Sea will present new and
different challenges with respect to:

• Gathering sufficient volumes of CO2 from power generation plants and
industrial sources at a price (and with a regularity) that is compatible with
the commercial commitments of an oil field operator.

• Handling and transporting the CO2 from source locations to the oil field
operators.

• CO2-injection and operations in an offshore environment.

• Ensuring commercial sense for all project stakeholders (including
government) in order to achieve a ‘win-win-win’ situation.

Although Gullfaks is only one of several possible CO2-EOR candidates on the NCS,
it is potentially the frontrunner for a succession of fields that could facilitate
investment in a substantial CO2-infrastructure in combination with new industry
comprising of facilities for CO2-capture, gathering, handling, transportation,
injection and recycling.  These would extend across the whole of the North Sea
Continental Shelf (NSCS) as well as into the economies of adjoining North Sea rim
countries.

To place the present CO2-Supply Report in context we include a brief review of past
experience, and try to build upon this knowledge to help describe the specific
challenges of supplying CO2 to Gullfaks—potentially the first of many CO2-flood in
the North Sea1.

                                                
1  According to the Oil & Gas Journal, (15 April 2002), there were 75 active CO2-floods world-wide
producing 194,000 bpd of incremental oil—equivalent to 8.4% of reported global EOR production.
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1.1 BACKGROUND

The use of CO2 for enhanced oil recovery (EOR) was first established in conjunction
with mature reservoirs in the Permian Basin (see Fig.1) during the early 1970’s.  At
that time tertiary recovery projects were stimulated by special tax concessions—and

price control exemptions—as an incentive during a period when US domestic oil
production was beginning to decline rapidly.  These “tax-floods”, although being
commercially successful, were not optimal with respect to their use of CO2, but did
provide the operators with considerable insight regarding reservoir behaviour, CO2-
handling, corrosion mitigation, and recycling following breakthrough of CO2 into
the production wells.

The first floods were based upon industrial (anthropogenic) CO2.  But with a
growing awareness of its favourable qualities, demand rapidly increased for the use
of naturally occurring CO2 which had to be transported over longer distances
through extensive pipeline infrastructures as illustrated in Fig.1.

The successful development of CO2-EOR in the US is also shown in the Fig.2 where
the white region highlights the growth in use of CO2 from 1984 through to year
2000, by which time CO2-floods were responsible for more than 180,000 bpd
representing 28% of total incremental EOR barrels produced in the US.

Fig. 1:  Map showing CO2 sources, transportation pipelines and extent of CO2-EOR in the South
and South-West United States.  The Permian Basin is the worlds largest CO2-flood region.  The first
flood was opened in 1972, but there are now over 50 active projects producing more than 145,000
bpd.  The 1,500 km pipeline infrastructure from McElmo, Sheep Mountain and Bravo Dome delivers
more than 23 mtCO2/yr.  In year 2000 with oil at $18 /bbl the average price of delivered CO2 was
$12 /tCO2 (Source: KMCO2 and Jarrell et al., 2002).
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Interestingly the expansion starting around 1986 coincides with the introduction of
the U.S. Federal EOR Tax Incentive.  This is a 15% tax-credit defined in Section
43(c) (2) (A) of the Internal Revenue Code of 1986.  It applies to all costs associated
with installing the flood, CO2-purchase cost, and operating costs for CO2 injection.
When the 15% credit is taken the remaining 85% of the qualifying costs are

expensed (or depreciated) normally (Jarrell et al., 2002, pp.132)

Furthermore there are currently eight states2 in the U.S. that offer additional EOR tax
incentives on incremental oil produced.  While there is no EOR tax credit, per se, the
state of Texas offers under Rule 50 a severance tax exemption on all the oil produced
from a CO2-flood reservoir.  It is therefore perhaps not coincidental that the Permian
Basin, West Texas is currently producing more than 80% of all CO2-EOR
production3 in the US.

                                                
2  These states are Arkansas, Colorado, Mississippi, Montana, New Mexico, North Dakota, Oklahoma
and Wyoming.
3  Most of this is from shallow carbonate reservoirs that average 1,600 metre below ground, have
temperature of 45º C, porosity 13%, and 36º API gravity oil at 1.4 centipoise viscosity.

Fig. 2:  Graph showing various techniques that are employed for enhanced oil recovery (EOR) in
the US over period from 1984 – 2000.  There was in 1998 a total of 92 Thermal (steam) EOR
projects producing 439,000 bpd.  There was 66 CO2-EOR projects producing 179,000 bpd.  With
11 miscible gas injection projects producing 102,000 bpd.  Finally Nitrogen injection projects
producing 28,000 bpd.
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1.2 THE NORTH SEA CHALLENGE

In similarity with several major US oil regions in the mid-80’s, it is recognised that
the North Sea Continental Shelf (NSCS) is moving from ‘secondary’ to ‘tertiary’
phase of oil production.  The ‘secondary’ phase on the NSCS has predominantly
featured large-scale water flooding and—particularly on the NCS—use of alternating
water and gas (WAG), where it is the miscibility of the hydrocarbon gas (HC) within
the reservoir that helps to improve overall oil recovery beyond water flooding.

In the US it has long been shown that CO2 has similar, and often better reservoir
miscibility behaviour for tertiary EOR than HC-gas; this, together with tax
incentives, originally helped promote capture from certain cheap anthropogenic
sources and later the larger scale use of naturally available CO2.  The abundant
source of inexpensive CO2 was also able to free up more valuable HC-gas for sale.

For such a transition to occur in the North Sea the issue remains availability of CO2
in volumes, and at a price, that would make CO2 for EOR competitive with
alternative options for tertiary oil recovery.

The technologies and concepts proposed for delivery and CO2-flooding on the NCS
are essentially already proven—albeit in some cases on a different scale and context
compared to the offshore environment.  However integration, logistics, operations
and maintenance of the complete CO2-supply chain (from capture and gathering at
the sources to permanent storage in the reservoir) will also pose engineering
challenges; but these can also be adapted for safe and efficient use in an offshore
environment.

The real challenge for CO2-EOR in
the North Sea is twofold, both of
which probably need to be addressed
before any larger volumes of CO2 will
be used for EOR purposes, these are:

 (I). Firstly there is the ‘first
mover’ risk that project
participants will be exposing
themselves to—possibly on
behalf of many other project
stakeholders that may stand
to benefit if the project were
to go ahead and succeed.
Handling this risk exposure sh
critical to the investment deci
declining production as indicated
Fig. 3: Oil Production (billion bbl/yr) in US,
Norway and UK for period 1960 – 2020.  The
North Sea is currently entering its tertiary phase
similar to the US around 1980.
 4 -

ould not be underestimated, as it can be
sion process and timing with respect to
 in Fig.3.
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 (II). Secondly there has to be an ‘economic incentive’ for all participants in
the project and the key significant factor for any CO2-flood is always the
price per barrel of oil.  If the price of oil is low, then there is currently no
valuation on the CO2 that would justify the investment for CO2-gathering,
transportation and storage, while providing a competitive rate of return on
capital invested.  If the price of oil is high, then the project may produce
satisfactory return on capital invested and additional tax income to the host
government through incremental oil that might not otherwise have been
produced using more conventional technology for tertiary recovery.

With regards to ‘first mover risk’ it is possible for participants to actively manage
project risk and potential burden sharing, but this will have a ‘barrier’ cost associated
and there will be continuous comparison with alternative options for tertiary EOR.
One may also emphasise a possibility for technology transfer and flexibility with
regards to commercial agreements between project participants.  However the
ultimate risk is with respect to ‘economic incentives’ and is governed by the price of

oil—the only project participant
capable of absorbing this economic
risk is ostensibly the host government.
In the Section 7 covering economic
analysis we also show how, with even
moderately priced oil, then
government will be (by far) the largest
benefactor of the CO2-EOR project.

Furthermore, as typified by the sketch
in Fig.4, concern regarding climate-
change and reduction in GHG-
emissions have also provided
additional incentives for considering
use of anthropogenic CO2 in the
maturing oil reservoirs on the NSCS.

CO2-
storage

Enhanced 
oil recovery

CO2-
storage

Enhanced 
oil recovery
Fig. 4: An enhanced oil recovery project using
CO2, will in a North Sea setting have to be a
permanent CO2-storage project taking a role in
climate-change mitigation.  Which of the two
functions of EOR or storage are the most
important from an economic standpoint will vary
according to the characteristics of each oil field.
- 5 -
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1.3 THE ROLE OF COMMERCIAL PARTICIPANTS

On the NCS the distinction between government and commercial participation in
CO2-EOR projects needs to be considered, specifically to understand who are the
genuine project benefactors.  We here focus on the role of commercial participants
while later in section 6.3 consider the role of government participation.

The commercial participants fall into three distinct categories as follows;

 (A). Emitters of CO2:  These recognise that within a few years they will have
to adjust to a more carbon-constrained economic reality.  This will entail an
added cost regarding their emissions, but they have certain options available
in order to manage this situation in a competitive manner.  There already
exists therefore a certain economic driver to make some preparation and
(possibly) investments soon.  The limitations with respect to the extent of
investments is currently governed by their perception regarding economic
cost of future exposure to CO2-emissions, and uncertainty regarding cost-
effectiveness of their alternative options.

 (B). Oil Reservoir Owners:  These recognise that their assets are beyond their
peak production, but still desire to maximise total recoverable oil (and gas)
using the most cost effective means, albeit with limited additional risk.

 (C). Business Developers: Their motivation is to create new market
opportunities while obtaining a satisfactory rate of return on capital
invested.

Emitters are still evaluating the economic consequences of their differing options.
Despite a growing awareness and identification of possible solutions, ranging from
technology implementation through to the purchase of credits4, the direct economic
impact is still uncertain to quantify—primarily because the whole economy will also
be moving through a similar transitional paradigm.  Therefore allocating capital
investment and operating expenses necessary to capture, gather and make CO2 ready
for shipment, has to be at a price that gives them a competitive rate of return on the
capital invested and a minimum cost for removing their CO2-problem.  Elsam is a
typical participant from this category.

Oil reservoir owners fall into two sub-categories that are; (i) the commercial
licensees, and (ii) the respective governments.  Both of these owners desire to
maximise the net present value of the oil field reservoir.  For them, the main
incentive for making an investment decision to use CO2 will lie in the anticipated
value of the incremental oil, but weighed against the additional risk associated with

                                                
4  Closing down the source of emissions is also an alternative that may need to be assessed.
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introducing alternative EOR-technology compared with “standard” practice into the
North Sea.

Governments also need to identify all their project related streams of revenue;
including direct taxes, indirect taxation (due to jobs, field life-extension, deferred
decommissioning etc.), and all other societal benefits together with CO2-avoidance
cost that would otherwise have accrued due to forthcoming commitments to curb
GHG-emissions.

Finally business developers will have one predominant motivating factor that is
commensurate with getting a satisfactory rate of return on capital (and effort)
invested in realisation of the project.  New Energy and KMCO2 are typical
participants from this category, who also perceive their initial role in the North Sea to
be to make the first CO2-EOR flood happen in a way that makes economic sense for
others to follow, and thereby creating a new commercial CO2-arena.

For participants in all three categories there are three fundamental economic
indicators that help quantify the commercial viability of the CO2-EOR project:

 (i) The delivered price of CO2 at the oil field.

 (ii) The value of permanently stored (CO2 as a greenhouse gas).

 (iii) The price for a barrel of oil.

Given these three key indicators, then any potential participant can do a reasonably
accurate economic analysis to identify whether a project can satisfy its own
economic criteria.

To date we find that the delivered price of CO2 at the oil field can be determined to a
precision that is satisfactory for most current level of economic screening analysis.

For the time being the concept of stored CO2 (as a greenhouse gas) only has a value
to the governments.  This emphasises the fact that mechanisms for certification and
valuation of underground sequestered CO2 are still being discussed, and may
eventually only be agreed upon—by the governments!  A commercial participant
may therefore currently attribute no significant value to CO2 that is used for EOR,
beyond the value of incremental oil.  Furthermore CO2-Emitters and commercial
licensees are reluctant to make investment decisions until the economic benefits are
definitively clarified for reducing risk of involvement in this type of enterprise.

The main challenge with respect to oil price is that the real value of oil can differ
considerably over time5 as is made evident by the past fluctuations and future
prognosis shown in Fig.5.

                                                
5  According to the Oil & Gas Journal, 23 June 2003, spot market crude oil prices have averaged $23
/bbl since 1997 and recently $28 /bbl for the immediate period since 2000.
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The oil industry often minimises the impact of such fluctuations by selecting a
single—but conservative—value that is applicable to all projects within their capital
allocation portfolio;  this at least ensures that the best projects win in a capital
constrained system.

Furthermore the conservative oil price reflects the downside exposure a project has
to oil price fluctuations.  Depending upon the oil company, the value used to be in
the $12 – $14 /bbl range
(evidently influenced by the
slump in 1998), but has
recently moved up to the
$15 – $17 /bbl range6.

In Fig.5 we also show the
future prognosis used by the
Norwegian government in
2002.  The trend is
interesting because despite
earlier years with oil above
the mid-20’s, the reverting
tendency is for even the
government to plan long-
term with oil at around $18 /bbl.  In reality governments can, and often do, use a
slightly higher value for analysis when estimating ‘near term’ fiscal revenue based
on oil and gas production—thus ensuring a more correct estimate for their true
revenue in the coming fiscal period.

The important point to note is that with CO2 in the range $35 – $38 /tCO2 and
anticipated ‘long-term’ oil price at $18 /bbl, then there is no way that independent
commercial participants can invest in CO2-EOR projects.  It is only when one
considers the interaction between the commercial participants in categories (A), (B)
and (C) together with the role of government, that it is possible to see the potential
benefits that may accrue to all parties if the CO2-EOR project were to go ahead.

                                                
6  The Merrill Lynch Global Securities and Research Group are quoted as saying that “ … normalised
oil prices in the $24 – 26 /bbl range is likely for the foreseeable future”.  Their main reasoning is that
“ … Finding & Development costs have more than doubled to $7.30 /bbl in the period 1997 – 2002, in
combination with companies having limited spending capital to pursue higher cost projects”.
(Source: Oil & Gas Journal, 23 June 2003)
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Fig. 5:  Graph showing normalised (year-2002) market price of
North Sea oil for period 1990 – 2003, together with the
Norwegian government prognosis for oil price for period 2004
– 2020. (Source: Fiscal Budget Proposal, 2003)
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1.4 THE GULLFAKS AND TAMPEN-2020 SCOPE OF WORK

The basis for the present CO2-Supply Report to the Gullfaks / Tampen-2020 project
is defined by the Gullfaks project in the Scope of Work (Statoil, 2003).  The
document (in Norwegian) is attached to this document.

New Energy has in the Scope of Work been given the task of identifying sources and
logistic solutions for delivering CO2 to Gullfaks.  The current assumption is for a
requirement of 5 mtCO2/yr over 10 years, from outside sources (ie. fresh CO2 in
addition to any recycled CO2 available with the incremental oil production).

New Energy is working under a Memorandum of Understanding (MoU) with Elsam
and KMCO2 to develop workable and commercial solutions for gathering, handling
and transportation of the required volumes of CO2.

The original specification was to conduct the following tasks:

 (i) An evaluation of possible CO2 sources in North West Europe.

 (ii) The establishment of a basis concept for the BoK (DG1) study with
respect to CO2-sourcing and transportation (final selection before DG2).

 (iii) Establish CAPEX and OPEX for capture, cooling, drying and
compression of CO2 from the relevant sources.

 (iv) Establish the CAPEX and OPEX of CO2-pipeline transportation in cases
where this may be appropriate.

 (v) Establish estimates for ship transportation from relevant CO2 sources to
Kårstø, in a scenario where Kårstø has the function of a CO2-hub (buffer)
before the CO2 is exported by pipeline to Gullfaks.

 (vi) Establish estimates for the use of Sleipner CO2 in the Gullfaks field.

 (vii) Establish costs of CO2 from a possible gas-fired power plant at Kårstø
and also evaluate potential business connections for this case.

 (viii) Establish CAPEX and OPEX for a large CO2-storage concept at Kårstø.

 (ix) Produce a technology qualification programme for all the elements of the
CO2-supply chain (according to WR 1622 – Technology Qualification).

Based on the above activities and BoK requirements, determine (to best available
extent) the following key parameters and significant factors:

 I.) The total supply cost (in $/tCO2) for delivery of CO2 to Gullfaks.

 II.) The total emissions along the complete CO2-supply chain (encompassing
gathering, handling, transportation, storage and final delivery to Gullfaks).

 III.) Identify possible business concepts for CO2 deliveries to Gullfaks.
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 IV.) Outline strategy for next phase following the BoK-decision in mid-Dec
2003.

The Gullfaks / Tampen-2020 part of the project will in addition to the above, also
conduct studies with respect to the following engineering aspects of the project
proposal:

 (i) Evaluation of an export pipeline from Kårstø to Gullfaks.

 (ii) Evaluate the offshore injection system and the removal of possible
bottlenecks offshore.

 (iii) Identify and describe four alternative scenarios for back-production
(recycling) of the CO2 that will re-emerge with EOR production:

(a) CO2-removal offshore: This is presently ‘on hold’ due to severe
space/weight constraints offshore; it is also awaiting the results from
alternative-(c)

(b) Segregation and re-injection of CO2-rich gas:  Recent develop-
ments indicate that direct injection on the platform of a mixture of
approximately 80% CO2 and 20% natural gas has the potential to
become the best alternative and that this may be a feasible strategy.

(c) CO2-removal onshore:  The CO2 is transported via Statpipe and
cleaned at Kårstø before transportation in a dedicated pipeline back to
Gullfaks.  This is currently the base case as defined in the Scope of
Work.

(d) Dilution of CO2-rich natural gas:  Primarily through using
natural gas in Statpipe and/or the Ormen Lange pipeline.  However this
is deemed to be unsatisfactory from an environmental view point and
also problematic with respect to practical feasibility.

All four cases (a) – (d) must ensure that all produced natural gas is in compliance
with sales quality requirements.

Addendum (outside SoW):  While the basic scenario is still alternative-(c) with
onshore CO2-removal at Kårstø, it appears that alternative-(b) with CO2-rich gas re-
injection may open up other possibilities not involving Kårstø.  These are:

• All Pipeline Scenario: Direct pipeline from Esbjerg, Denmark to
Gullfaks-B (which is now confirmed as the selected CO2 delivery platform).

• All Ship Scenario:  With CO2 transported by ships to a land site close to
Gullfaks (for instance the Mongstad refinery, north of Bergen), and
transported via pipeline from there to the field.  In principle CO2 can also be
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cryogenically offloaded directly from ships at the field, but this may be less
flexible and have lower regularity than a land based offloading.

• Mixed Scenario:  Various combinations of the above two scenarios.

In the remaining sections of this CO2-Supply Report we focus primarily on securing
sufficient CO2 volumes, as well as evaluating the long-term security of supply.  We
present in Section 3 an overview of multiple CO2 sources throughout North Europe.
While in Section 4 we describe three different sub-scenarios covering solutions
covering transportation by (a) Pipeline, (b) Ships and (c) combination of both
options.
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2. THE DEMAND SCENARIOS FOR CO2

Towards the end of 2002, the Gullfaks/Tampen-2020 pre-screening phase indicated
that the Gullfaks reservoir was a potential CO2-flood candidate, and that it could be
followed a few years later by the nearby Snorre field.  The synergy of having two
adjacent fields—with a common CO2-supply and infrastructure—was deemed to be
a good starting point to initiate CO2-EOR throughout the Tampen area.
Furthermore, the giant Statfjord field had also been considered as a potential ‘large’
CO2-flood customer.

For these reasons the original scope for this CO2-Supply Report proposed to include
three scenarios comprising delivering 5, 10 and possibly 20 mtCO2/yr to the Tampen
and adjacent area over an extended period of 10 to 25 years.  Cost estimation on
these three scenarios would also indicate how economies of scale might reduce the
price for delivered CO2.

By May / June 2003, while simulations on the Gullfaks reservoir continued to show
encouraging results comparable with the pre-screening simulations, the preliminary
analysis on Snorre indicated that the ongoing natural gas injection may have already
been miscible; something that would reduce the potential for incremental oil using
CO2 as injectant.  Furthermore Statfjord decided to implement its base case for
‘blow-down’ of the reservoir—in much the same way as the Brent field is currently
doing on the UK sector.

While it is still premature to conclude that CO2 will not play an important long-term
role for either of these fields, there is at present no plans for an immediate follow-up
CO2-demand profile from the Tampen operational area.  For this reason we focus
our main economic analysis in this CO2-Supply Report to investigate the basic five
million tonnes CO2 per year (5 mtCO2/yr) scenario for a duration of 10 years, as
requested for the Gullfaks reservoir.

Alternatively, follow-up CO2-flood oil reservoirs exist elsewhere on the Norwegian
and UK Continental Shelf (UKCS), and along the proposed pipeline route up to
Gullfaks.  However at the moment most operators appear to be waiting for a positive
decision on Gullfaks / Tampen before committing themselves to further work in the
area of CO2-flooding and CO2-sourcing.

To illustrate future flexibility for increased deliveries to Tampen, as well as other
Norwegian / UK oil provinces.  And as an indication regarding how an infrastructure
could develop with economies of scale, we also include in this report a second
broader scenario of 10 mtCO2/yr for a duration of 20 years.
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2.1 SCENARIO-1:  GULLFAKS ONLY (5MT/YR FOR 10 YR.)

The base case demand is for delivery of at least 5 mtCO2/yr with duration of 10
years starting in 2008 as indicated in Fig.6.
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Fig. 6: Gullfaks CO2-demand profile  The CO2-deliveries are not expected to commence until
late 2007 or early 2008 and will extend for ten years.  It is expected that the shape of the demand
profile will evolve as more detailed reservoir modelling progresses.  In the same way the CO2-
sources may want to optimise and modulate delivery to better suit their situation.
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his CO2-Supply Report we focus primarily on securing sufficient CO2 volumes,
ell as evaluating the long-term security of supply.  We present in Section 3 an

rview of multiple CO2 sources throughout North Europe.  While in Section 4 we
cribe three different sub-scenarios covering solutions covering transportation by;

 a) Pipeline

 b) Ships

 c) A combination of (a) and (b).

ection 5 we discuss details regarding the logistics of handling and delivering
2 within all three of the sub-scenarios.  While in Section 7 we discuss key
nomic indicators regarding the CAPEX, OPEX and cost of delivery for each.  We
 discuss flexibility with respect to supply and possible risk regarding disruptions.

ENARIO-2:  GULLFAKS WITH OTHER FIELDS (10MT/YR FOR 20 YR.)

 Scenario-2 it is proposed to build upon supply Scenario-1 (c) described in
tion 4.3, by capturing 5.0 mtCO2/yr from the two Danish coal-fired power plants
 gathering an additional 3.5 mtCO2/yr using ship transportation to Esbjerg with
rces in North Germany and The Netherlands.
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3. OVERVIEW OF CO2-CAPTURE TECHNOLOGY AND SOURCES

The potential for securing CO2 from different sources around the North Sea has been
investigated, together with an overview regarding status of appropriate CO2-capture,
handling and storage technologies.  A description and recommendation of the most
appropriate solutions for supplying CO2 is included in the following section.
Whenever applicable we also discuss details describing availability, costs and
technology risk.

Fig. 7: Location of many larger point sources of CO2-emissions in the North Sea Rim area.  The
power plant sources (yellow) are the most numerous having typically 12-14% CO2 in their flue
gases if coal-fired and 3,5% CO2 in the case of natural gas fired combined cycle plants.  A few
large point sources are already concentrated to typically 98-99% CO2.  These are typically
ammonia, hydrogen and ethylene oxide plants as well as CO2-removal facilities for natural gas
(i.e. Sleipner, Snøhvit).  Cement plants and iron and steel plants will typically have more
concentrated CO2 in their flue gas than power plants.  The concentration of CO2 in the flue gas is
an important parameter for how costly it is to remove CO2 from a specific source.
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3.1 CO2-CAPTURE FROM COAL-FIRED POWER PLANTS IN DENMARK

Possibly the most amenable and secure source for CO2 in conjunction with EOR in
the North Sea is capture from the flue gas of existing coal-fired power plants.  The
reason for this are several:

 (i) The available volumes from large power plant complexes are compatible
with typical CO2 for EOR volume requirements of the major North Sea oil
reservoirs that are currently in declining production7.

 (ii) A significant proportion of the power plants are located around the North
Sea coastline and therefore have a geographical proximity that is
comparatively close to the potential CO2-sinks.

 (iii) Emissions from coal power-generation represent about one-third of total
European CO2-emissions, and will be subject to future GHG-emission
restrictions.  The industry is therefore proactively seeking alternative
solutions in order to substantially reduce its emissions in a cost-effective
manner.

 (iv) Coal-fired power plants are secure, long-term sources for CO2 that are
commensurate with the longer term nature of a CO2-EOR flood program.

Inevitably the challenge for the power industry is one of reducing the cost for CO2-
capture while maintaining plant efficiency and reliability when handling the large
volumes of emitted flue gas that need to be treated.

However as we show in this section, there are similarities regarding challenges that
the industry now faces with respect to CO2 emissions and those that have been
successfully handled regarding sulphur in the 1970’s and NOx in the 1980’s.  These
were also initially costly, but once the technology was implemented subsequent
installations rapidly reduced in price.

                                                
7  In a preliminary screening performed within the CENS project in 2001 a portfolio of 13 fields were
identified in the UK, Norwegian and Danish sector that typically required between 2 to 8 mtCO2/yr
for a duration varying from 15 to 25 years.  The annual CO2 potential of these fields was
approximately 30 mtCO2/yr with a total volume of 680 mtCO2 over the project life of 25 years
(Markussen et al., 2002).
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3.1.1 Status Regarding CO2-Capture Technology

The technology for capturing CO2 from fossil-fuel power plants fall into three
distinct categories:

 (i) Pre-combustion decarbonisation:  carbon is removed in conjunction with
gasification of the fossil fuel and combustion of a hydrogen-rich fuel gas.
The process is typically associated with coal-based IGCC (integrated
gasification combined-cycle) power plants or the auto-thermal reforming
power cycle proposed by Norsk Hydro ( “HydroKraft”) for capture of CO2
from natural-gas fired power generation.

 (ii) Oxygen combustion:  a process for generating essentially steam and pure
CO2 during the combustion process.  Again there are several available
options for extracting the energy from the steam while condensing out the
nearly pure CO2.  However all these cycles require inclusion of an air
separation unit (ASU, usually cryogenic) that is energy intensive and
detrimental to overall cycle efficiency.

 (iii) Post-combustion decarbonisation:  extraction of the CO2 in the flue gas
after combustion between fuel and air has been completed.  This solution
that can be retrofitted onto existing plants where the degree of optimisation
and integration becomes a function of cost, efficiency and operating
convenience.

In the early nineties when the trend was that the further development in coal-firing
should be PFBC or IGCC, Elsam decided to build two 400 MW units with advanced
steam parameters and double reheat.  Steam temperatures from the three boilers were
582°C and live steam pressure was 290 bar.  The decision was taken after a thorough
study of the three technologies focusing specifically on efficiency, cost and risk.  The
USC  (Ultra Super Critical) concept would give the highest efficiency at the lowest
cost and risk.  Five years of operational experience with USC power plants have
demonstrated that the “600°C generation” power plants have become a genuine
success.

It was natural to follow the idea further and in Jan 1998 the Advanced 700°C
Pulverised Coal-fired Power Plant Project (AD700) was started together with other
utilities, manufacturers and research organisation.  The overall technical objective of
the project is to develop and demonstrate a viable pulverised coal-fired power plant
technology with a net efficiency of 52-54%.  The project aims were to demonstrate
such a power plant within the next decade, where increased efficiency will also
reduce the future cost of CO2-capture.
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However with respect to large8 sources of CO2 the scope for commercial capture is
still limited.  Essentially all technologies in category (i) and (ii) above still require a
development and demonstration phase before becoming commercially available
some time after 2010.

With a requirement to deliver several million tonnes of CO2 per year to Gullfaks by
2008, the method available for CO2-capture in commercial quantities from existing
large power generation is limited to using post-combustion absorption technology as
in category (iii).  Such technology is well proven within the chemical and
petrochemical industry where both amines and membranes have been extensively
used to remove hydrogen sulphide from gas streams, and CO2 from ‘sour’ gas as
well as from smaller volumes of flue gas.

Although membrane separation technology, and in particular membrane gas/liquid
contactors (King et al., 2002), show good potential for reduced footprint and cost of
capture, they are still not commercially available to readily handle the large volumes,
relatively low concentrations (12-14% mol-vol CO2), and particulates that can be
associated with flue gas from coal-fired power plants.

For this reason the industry must still rely on amine absorption technology (Reddy et
al., 2003) for removal of CO2 from large coal-fired power plants.  The plant size will
need to scale-up by a factor of 10 - 20 compared with what is currently in
commercial use.  However, the proposed amine absorption plants are comparable in
size with the flue gas handling currently done in FGD (flue gas desulphurisation)
units that have been in operation for the past 20-years.  Thus scale-up is not
considered to be a major issue.

                                                
8  We are here considering plants that produce typically one million (or more) tonnes of CO2 per year.
A 400 MW coal-fired power plant can produce up to 3 mtCO2/yr (depending upon plant efficiency),
while a 400 MW combined-cycle natural gas power plant produces around 1 mtCO2/yr.
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3.1.2 CO2-Capture Plant Concept & Feasibility Study

Towards the end of 2001 Elsam initiated a
“CO2-Capture Plant Concept & Feasibility
Study” in collaboration with their engineering
consultancy Elsam Engineering A/S (former
Techwise A/S).

Costs and performance was analysed for a
stand-alone post-combustion CO2-capture
plant that could be retrofitted (and integrated)
alongside one of Elsam’s five existing coal-
fired power plants.

Costs were initially established through an in-
depth engineering analysis of the coal-fired
combined heat and power plant (CHP) plant
at Esbjerg (ESV) on the West Coast of
Denmark shown in Fig.8.  The work was
conducted in close dialogue with two of the
Fig. 8:  The Esbjergværket Unit 3 (ESV3) seen
above was commissioned in 1992 and was at that
time the worlds most efficient coal-fired plant
having an electrical efficiency of 45.5% and a
capacity of 380 MWe in condensing mode.
Alternatively in back-pressure mode it produces
300 MWe together with 460 MJ/s district heat.  The
average annual energy efficiency is approximately
63%
major technology suppliers—Mitsubishi
Heavy Industries (MHI) and Fluor.

The main objectives of the Study were:

•  Ensure commercial availability of the CO2-
capture technology.

•  Assess technology risk with respect to
scaling and cost estimation.

•  Estimate capital investment (CAPEX) costs
as well as the cost for operations and
maintenance (OPEX).

•  Identify area requirements and plant layout.

•  Integrate and optimise the performance for
ESV3.

The Study confirmed that CO2 could be
captured and made ready for delivery at 140
bara with a cost of about $25 /tCO2 at plant
Fig. 9:  The Study was extended to include cost
estimates for capture and aggregating CO2 from
all five of Elsam’s coal-fired CHP plants in West
Denmark.  The total electricity production
capacity is 2,460 MWe with a potential of
delivering 12 mtCO2/yr.
- 18 -
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perimeter fence9.  Although the scope, depth and detail of the Study was at that time
only indicative, it did provide sufficient reassurance for Elsam to continue with
further development of the overall concept regarding CO2-capture from their
existing coal-fired power plants.

In 2004 the Esbjergværket will be equipped with an SCR (de-NOx) unit necessary to
fulfil the European Union (EU) Large Combustion Plant (LCP) Directive and
national NOx restrictions.  This is also a pre-requisite to improving operational costs
when integrating with the amine absorption plant.

Estimates for capital and operating costs of the onshore pipeline infrastructure were
also calculated for transportation of CO2 from each of the plants shown in Fig.9 to a
common offshore transportation pipeline located about 40 km north west of Esbjerg.

                                                
9  Cautionary Note  The quoted prices in this section were all made using FY-2001 dollar and
electricity rates.  Conditions regarding market fluctuations in currency and electricity prices will form
part of the dialogue when negotiating a delivered CO2 price.  Furthermore this price will also depend
on the required supply profiles, volumes and degree of utilisation of both the CO2-capture plant and
the power plant in general.
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3.1.3 Description of the CO2-Capture Plant

Chemical absorption utilises the difference in CO2 absorption capacity at differing
temperatures of the absorbent.  The CO2 capture process typically comprises of the
following stages:

• Pre-cleaning of the flue gas to minimise degradation of the absorbent.
This is usually a combination of particulate removal, SO2-stripping in the
FGD, and reduction of NOx by means of an SCR.

• Absorption of CO2 using a suitable (amine) absorbent—typically mono-
ethanolamine (MEA) is used.

• Thermal regeneration of the absorbent and gathering of the concentrated
CO2 gas.

• Compression and drying of the CO2 with a view to disposal or
utilisation.

Fig.10 below shows a sketch of the ESV3 power plant with the add-on CO2
absorption unit.  It is noted that the presence of even low values of SO2 leads to the
formation of heat-stable salts that tends to degrade lifetime and performance of the
Fig. 10:  Overview of the CO2 Capture Plant  Flue gas is led to the CO2-capture plant from the
existing power station after having passed through an additional desulphurisation unit that is
included to improve the overall life-time performance of the absorbent.  The flue gas leaves the SO2
-absorber at a temperature of approx. 50°C and is led to the CO2 -absorber tower where the CO2
gas is chemically bound to the circulating absorber fluid.  Absorption takes place on moistened
packings using mono-ethanolamine (MEA) as absorbent.  The CO2-rich MEA is led to the CO2-
stripper where addition of heat causes the CO2 gas to be released.  The gas is then separated from
entrained absorbent and from most of the water vapour in the gas cooler/condenser before the CO2
is compressed and moisture removed in a dehydration column. The regenerated absorbent is led
back to the absorber cycle.
- 20 -



ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- 21 -

absorbent10.  For this reason it may be desirable to increase the degree of sulphur
removal to above 99% by including an additional SO2-absorber in conjunction with
the CO2-capture plant.  Furthermore the power plant will also include a SCR unit as
NOx needs to be below 50 ppm, this is also a function of not degrading the
performance of the MEA absorbent.

It is estimated that it is possible to capture approximately 90% of the emitted CO2
within the absorption unit, thus constituting a supply of 6,120 tCO2/day.  The
composition of the compressed CO2 is given in Table 1 below.

                                                
10 For a typical 380 MWe plant with 6,000 equivalent full-load hours, the annual consumption of
absorbent such as mono-ethanolamine (MEA) will increase by approx. DKK 2 million per ppm SO2
or NO2 in the flue gas.

Fig. 11:  Aerial view of the Esbjergværket comparing existing plant facilities (left) with a computer
generated image (right) showing the CO2-capture plant and smaller compressor building (in
foreground) all circled in red.  The existing FGD unit is the large grey building of similar size that
is adjacent to the proposed CO2 plant.
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Regeneration of the absorbent requires heat which will typically be added as
extraction steam.  Thermal regeneration requires
3.3 – 3.8 GJ /tCO211.

Operation of the absorption plant also increases
the in-house (‘balance of plant’) consumption of
electricity from the unit.  The most important
components are circulation pumps for absorbent,
flue gas fans and CO2-compressor.

The large energy consumption of the process
causes a reduction in electrical efficiency; less
electricity is generated from the power plant,
however in practice it becomes difficult to define the overall plant efficiency because
CO2 is now an additional by-product (see also Fig.12 below).

                                                
11 ie in order to remove one tonne CO2 then roughly one third of the heating value of the coal (mostly
in the form of low grade steam) is required, if it could be transferred directly to the regeneration
process.

Table 1:  Table showing gas
composition for the captured CO2 gas.
(* based on dry volume with water
vapour content equivalent to
saturation at –5ºC.)

Composition Concentn.

CO2 99.50 % *
SO2 < 10 ppm
NOx < 50 ppm

O2 < 10 ppm
N2 < 0.48 %

CxH y 100 ppm
CO < 10 ppm

Fig. 12: Summary of Electrical Efficiency  The Esbjergværket ESV3 facility is one of the most
efficient power plants in the world at 45.6% electrical efficiency in the Condensing mode.  With
CO2 capture and compression the electrical efficiency will be reduced by 10.1%-point to 35.5%.
(Compression of CO2 to 140 bar requires ~27.5 MWe and is equivalent to 3.3%-point.)  In Back
pressure mode electrical efficiency is reduced by 6.8%-point to 29.4%, but with CO2 as additional
by-product.  This is analogous to a combined heat and power plant (CHP) that also produces less
electricity but sells heat as a by-product of the generation process.
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It has been estimated that ESV3 with CO2-capture technology applied would be
available and operating 90% of the time at base load and produce approximately 2
mtCO2/yr.  The cost of CO2-capture was approximately 50% OPEX and 50%
CAPEX.

The breakdown of the OPEX costs is shown in Fig.13.  Here the operating costs for
the CO2-capture and compression process were based on an average electricity
market price at the power plant.  This factor was also used to price the steam heat for
the re-boiler as well as the power requirements of the compressors and pumps.
Steam supply for the stripping process accounts for 45% of the total OPEX costs
while power to the compressor represents 19% of the total.

It is important to note that optimisation of OPEX costs will depend upon the degree
of utilisation, and has to be balanced against the CO2-demand profiles and flexible
approach regarding availability of CO2 from the off-taker.  There will need to be
dialogue between the two parties in order to optimise operation of the power plant.

Furthermore to optimise operation of the power plants with CO2-capture it has to be
decided that the plants will operate as base load.  There will also be periods when
these plants will have to close down for scheduled maintenance etc.  However the
power plant and the CO2-capture unit will need to operate about 80 – 90% of the
time per year to supply sufficient volume of CO2 and to operate economically whilst
supplying the CO2 volumes needed by its customers.

Elsam will probably choose the power plants with highest demand of heat for district
heating, as potential candidates for CO2-capture.  Although the location of the power
plant with respect to infrastructure will also be important.

Fig. 13:  Breakdown of the operating (OPEX) costs for the ESV3 CO2-capture plant.
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When considering a second potential power plant from which to capture CO2, Elsam
will need to have had some experience with the operation of the first CO2-capture
plant.  The required length of experience will depend on prevailing technical and also
commercial variables.

Furthermore the environmental permit process could take up to 18 months for at CO2
capture plant..  Elsam estimates that from time of an investment decision to delivery
of first CO2-gas is 36 months as indicated in Attachment-(I).

Elsam have also initiated a dialogue with the Danish authorities and government
regarding use of CO2 from Danish coal-fired power plant for EOR purposes.  This
dialogue will need to continue and Elsam also foresees a need for bi-lateral dialogue
between Denmark and Norway covering issues such as CO2-credits and
responsibility for long-term handling of CO2-EOR storage issues on the NCS.
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3.1.4 Recent Developments and Experience Regarding CO2-Absorption

Since initiating the Concept and Feasibility Study in 2001, Elsam has continued to
gather data and maintained a dialogue with other companies regarding construction
and operation of CO2.

With a view to obtaining operational
experiences of absorption plants in
connection with coal combustion
Elsam visited the AES owned Shady
Point Power Station, in Oklahoma
during May 2003.  This station is a
coal-fired power plant with two CFB-
boilers.  The plant has a capacity of
320 MWe and was commissioned in
1991.  In connection with the power
plant a CO2-absorption plant was
established using MEA as absorbent.

The CO2-capture unit was delivered by ABB Lummus and commissioned
simultaneously with the power plant.  It has been in operation for 12 years with a
production capacity of 200 tonne CO2 per day (~0.07 mtCO2/yr).  The visit
confirmed that the plant has a very reliable operational record.

Elsam is also a leading participant in the Castor Project proposal (together with
several other major industrial partners including Statoil) within the EU 6th Frame
Work Programme.  Castor focuses on post-combustion technologies and CO2
storage.  Elsam and the main technology suppliers anticipates that through medium-
term RD&D efforts it may be possible to further reduce investments and operational
costs.

Elsam has also recently initiated an internal project with the main objective to
investigate the possibility of improving integration of the CO2-capture plant in the
existing ESV3 water/steam cycle in order to reduce the loss of power export.

Fig. 14: Elsam / Techwise group tour of the CO2-
capture plant at Shady Point, Oklahoma.
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3.2 POTENTIAL CO2-SOURCES IN THE UNITED KINGDOM

The United Kingdom has numerous power plants as well as a number of large
industrial facilities that generate in excess of 200 mtCO2/yr.  Two existing coal-fired
plants totalling over 6,000 MWe of capacity that already have necessary flue gas de-
sulphurisation equipment installed produce in excess of 20 million tonnes per year.
Three power plants totalling another 6,000 MWe of capacity with FGD units under
construction are also prime candidates for future CO2-capture.

There are also multiple ammonia and hydrogen plants dispersed throughout the UK
producing in excess of 1.5 mtCO2/yr.  Furthermore the SAGE separation facility in
St. Fergus, Scotland is currently stripping 0.7 mtCO2/yr from natural gas.

Finally, there are two proposed integrated gasification combined cycle (IGCC)
facilities that have received, or are currently obtaining, government permissions to
build with the potential of collecting 7.0 mtCO2/yr as part of their pre-combustion
processes.

Each of these sources have been contacted and expressed an interest in CO2-capture
and storage (CCS);  they have also participated in the on-going studies that the UK
government has been conducting into the potential for CCS.  However, as in
Denmark, none of these facilities will make the necessary investment in capture
equipment until they have been convinced that there is a long-term economic case for
CCS at prices that justify their investment.

Unlike Denmark and Norway, the UK government believes that it is on track to meet
its obligations under the Kyoto Protocol.  Allocations for future CO2-emissions are
currently under review and are scheduled to be reported in December 2003, and
become effective in April 2004.

However, the government has also called for much greater reductions in CO2-
emissions in accordance with their own Royal Commission Report12 and the longer-
term goals of the UNFCCC.  The government has not presently taken any steps to
create incentives for CO2-emitters to capture CO2, but they are focusing on the need
to support CCS before the very large oil fields are decommissioned and the
opportunity for EOR is lost.  This was made evident in the recently published Energy
White Paper (DTI, 2003) which called for an immediate six-month study of the
potential for CCS and the need for economic drivers.

For an overview of the UK situation regarding CO2 and EOR see also footnote 18 on
page 72.

                                                
12  This calls for advocating 60% reductions in GHG-emissions by 2050.
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3.3 CO2-CAPTURE FROM GAS V’S COAL FIRED POWER PLANTS

The on-going work at Elsam regarding post-combustion CO2-capture technology has
also entailed identifying the economic advantages for capturing CO2 from coal-fired
power plants compared to Natural Gas Combined-Cycle (NGCC) power plant as
proposed to be constructed for Norwegian onshore power generation.  These are as
follows:

• The CO2 content in the flue gas from coal-fired power plants is 3 – 4
times more concentrated than that from a NGCC plant.  Given plants with
equal power export, if we assume an efficiency of 45% for coal-fired and
55% with NGCC (together with 90% and 80% CO2-capture respectively),
then it will be possible to aggregate more than twice the volume of CO2 at a
coal-fired power plant compared to a NGCC plant.  The investment in
infrastructure will therefore be higher on a CO2-captured per unit basis.

• The higher content of O2 in the flue gas from a NGCC plant increases the
thermal energy necessary for regeneration and increases degradation of the
solvent, causing higher operation costs per tonne of captured CO2.

• Elsam estimates that the price of captured CO2 will be the same for a
coal-fired power plant and a NGCC plant with a NG/coal price ratio of 1.6.
Over the medium term Elsam expects a NG to coal price ratio of 2.5.  This
means that the price of CO2 from a NGCC plant will inevitably be more
expensive than the price of CO2 captured from a coal-fired plant.

Finally it is also worth noting that the cost of CO2-capture from the Danish coal-
fired power plants is lower than other estimates for conventional coal-fired power
plants.  The reason for this can be summarised as follows:

• Ultra clean flue gas with FGD and SCR already installed, thereby
removing this capital investment from the cost of CO2-capture economics.

• Ultra efficient power plants provide steam at 290 bar / 580°C and
therefore minimises efficiency drop in conjunction with integration of a
CO2-capture plant.

• Integration with district heating also helps reduce and optimise losses
with respect to overall plant efficiency.
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3.4 THE ANTWERP ROTTERDAM AREA

Within the Antwerp and Rotterdam Area (ARA) there are four major potential
sources of pure CO2;

• in Antwerp at the BASF / Air Liquide facilities.

• in Rotterdam at the Shell Pernis refinery and the neighbouring Air Products
facility which both operate hydrogen plants.

• and approx. 40 km west of Antwerp at the Norsk Hydro Sluiskil ammonia
plant.

All these industrial complexes are within a distance of 80 km or less from each other,
and have harbour facilities located at or close to the sites.
Fig. 15:  Map showing the Antwerp and Rotterdam Area (ARA) together with the main CO2-
source sites that are described further in this section at Pernis, south of Rotterdam, together with
Sluiskil and BASF further south in the Antwerp area.
- 28 -
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3.4.1 The Shell Refinery, Pernis

Shell has a 90% ownership in the Pernis oil refinery while Statoil owns the
remaining 10%.  Because of the need for additional hydrogen in the refining process,
there is a hydrogen plant at the site.  This plant produces very pure and dry CO2 that
is currently vented to atmosphere.

Shell has recently allowed Statoil to
visit the Pernis industrial complex in
order to make a site survey that has
formed the basis for a cost estimate of
a CO2-plant.  The Norwegian eng-
ineering company Project Invest (PI)
AS conducted the survey and cost
estimation.  The PI Report (PI, 2003)
is also included as Attachment-(II)
with this CO2-Supply Report.

It was indicated that availability of
CO2 from the refinery was approx-
imately 0.5 mtCO2/yr, however  total
CO2 production is twice as much.
The difference is due to ongoing
negotiations with other interested
parties.  The availability of 0.5
mtCO2/yr was stated to be during the

winter season, while the available amount during summer season could be almost
zero according to Shell.  Based on this information the probable customer for the
summertime CO2 would be the beverage industry and horticulture/greenhouses.
However, since no CO2-liquefaction plant is being built at the moment the
negotiations cannot be finalised.  Also, as a way of storing CO2 neither of these
alternative uses can compare with EOR.  Therefore, we may draw the preliminary
conclusion that the real amount of available CO2 may be 1.0 mtCO2/yr.

According to Shell it is the maximum seasonal variation in CO2 availability that
must be the criterion for dimensioning the CO2 plant.  The PI Report has therefore
been made with 1.0 mtCO2/yr as a basis scenario.

In order to utilise some of the spare capacity of the CO2 plant, the neighbouring Air
Products plant (having 0.33 mtCO2/yr) may be used as an additional source.  It
should be noted that Shell would also need to build a CO2-liquefaction plant in order
to produce CO2 for beverage and/or horticulture industry.  Also Air Products have
not been contacted at this stage.  Thus in the next phase all these aspects should be

Fig. 16:  Picture showing part of the Pernis site,
taken from outside the fence. The area set aside
for the CO2 plant lies between the fence and the
buildings in the background.
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looked into in order to reduce uncertainty and to study possible effects of co-
operation with regard to building a CO2 plant.

There is available land within the fence at the refinery to build a CO2 plant,
including storage tanks.  Port facilities for shipment of CO2 are also available
nearby.  Part of the area is shown in Fig.16.

The cost estimate (PI, 2003) suggests that total investment costs of a complete plant
for production, storing and export of 1.0 mtCO2/yr of liquid CO2 at the Pernis site
will cost €95 million (780 MNOK).  The accuracy of this estimate is ±35% with a
20% contingency.  See also section 7.3.1 for more details as well as Attachment-(II).
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3.4.2 BASF Antwerp

BASF and production partners operate
54 different production units in 4
production sectors at their Antwerp
facility covering agricultural
chemicals, plastics and fibers,
finishing products and chemicals and
speciality chemicals.  The site
occupies 600 hectors and is 60%

developed.  The site has 4,550 meters
of quayside and significant space
located near both the quayside and the

sources of CO2 for CO2 liquefaction, dehydration and storage.  Major pipelines
carrying natural gas, hydrogen and oxygen enter and leave the site so there are
existing rights of way for a possible future CO2 line.

There are three main sources of nearly pure CO2 on the BASF site.  The ammonia
plant produces 0.70 mtCO2/yr of 98% pure CO2.  The Ethyleneoxide plant produces
0.15 mtCO2/yr of 90% pure CO2.  Finally Air Liquide is completing a new hydrogen
plant on the site that will produce 0.24 mtCO2/yr of 98% pure CO2, yielding a total
of 1.09 mtCO2/yr.

In addition to this, the ethylene cracker produces a stream of flue gas containing 10%
CO2 totalling 1.5 mtCO2/yr that could be captured in the future using the same
amine technology that Elsam is proposing in Denmark.

Fig. 17:  Aerial overview of the BASF facilities
at Antwerpen.
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3.4.3 Norsk Hydro Ammonia Plant, Sluiskil

The ammonia plant in Sluiskil (NL) is approximately 40 km in a straight line from
Antwerp and about 80 km in a straight line from Rotterdam near the town of
Terneuzen.  The site has not been visited but is mentioned in the PI-Report as an
interesting site with approximately 0.7 mtCO2/yr. The available amount is, however,
only in the order of 50,000 tCO2/yr (Source: Hydro Agri).  The remainder is sold as
liquid, food grade CO2 currently being exported with ship from Sluiskil by Hydro
Gases and Chemicals on a regular basis.

It is also known that due to seasonal variation in customer demand for CO2 from this
site the eventual availability of CO2 may be restricted to certain parts of the year,
probably winter time.

As CO2-liquefaction is already taking place in Sluiskil, there is probably little or no
need for additional investments in production or storage capacity.  Harbour facilities
are expected to be good with necessary loading facilities available.

3.4.4 Synergies for Collecting CO2 in the Antwerp / Rotterdam Area

With several co-located sources of pure CO2 within a relatively small area the next
phase of the study should investigate possibilities for cost reduction by co-ordinating
infrastructure elements.

In addition to the four potential facilities described above, there is Dow Chemical at
Terneuzen who operate a large ethylene cracker.  Furthermore BASF and Fina in
Antwerp operates a small cracker.  Air Liquide in addition to the new hydrogen plant
at the BASF site, also operates a hydrogen infrastructure with connecting pipelines
and production facilities to Terneuzen, Bergen-op-Zoom and Rozenburg all in the
Netherlands, and extending as far as Dunkerque, France—all with access to coastal
facilities.

There is also in the same vicinity a hydrogen plant in connection with the Total
refinery in Vlissingen.

Finally the possibility for gathering the CO2 from inland riverside (Rhine) sources
should also be investigated further.
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3.5 AMMONIA PRODUCTION PLANTS

Ammonia plants are interesting CO2 sources for EOR as they would require no
additional CO2 capture.  Production of hydrogen is an integral part of ammonia
production.  Modern ammonia plants produce hydrogen by the steam reforming
process, which gives CO2 as a by-product.  CO2 is removed from the product stream
usually by an amine process and the resulting CO2 is of >98% purity.  Plants give
rise to approximately 1.2 tCO2 per ton of ammonia if operating on natural gas and
2.0 tCO2 per ton of ammonia if they run on heavy oil gasification (PI, 2003).

If not sold and used for other purposes, then the pure-CO2 is vented to atmosphere.
Wherever CO2 is not already exported then investments in liquefaction plants and
harbour facilities will be required.  Ammonia plants also have emissions of diluted
CO2.  They will be regular suppliers of CO2 throughout the year provided there are
no other customers for the gas.

An indication of cost can be deduced from the PI Report.  In general conditions are
similar to those stipulated for the Pernis refinery in section 3.4.1.  Total investment
cost for a 0.5 mtCO2/yr plant including production, storing and export of liquid CO2
would therefore be around €60 million.

In Northern Europe there are the following main ammonia plant sites:

 (i) Norsk Hydro, Porsgrunn, Norway:  At existing production capacity
utilisation, the amount of CO2 available for EOR is limited to less than 0.1
mtCO2/yr.  Almost all the pure CO2 from this plant is exported for the food
and beverage industry.  If the plant operates on full capacity it will produce
more CO2 (amount to be clarified in next phase), which can be made
available for EOR.  More export of CO2 from this plant will probably imply
need for extended export facilities and thus extra investment.

 (ii) Norsk Hydro, Brunsbüttel, near Hamburg:  This site is also treated in
the PI Report.  There are currently no liquefaction plant and no export
facilities at the port facilities and the plant is therefore a potential full
capacity source with 0.7 mtCO2/yr available.  In the next phase further
contacts should be taken with this site to clarify potential investment costs.

 (iii) BASF, Ludwigshafen, on the Rhine:  Produces approximately 0.7 mt/yr
of pure CO2.  This is however a more awkward site due to its inland
location, but should nevertheless be studied further in the next phase. See PI
Report for further details.

 (iv) Norsk Hydro, Sluiskil, near Terneuzen:  This site is close to the Belgian
border. The plant has already been described in section 3.4.3 on the
Antwerp / Rotterdam Area.
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 (v) BASF, Antwerp:  Also dealt with in the section 3.4.2 on the Antwerp –
Rotterdam Area.

 (vi) Ammonia Plants, UK:  The facilities of Terra Nitrogen, Severnside has
access for ships up to 11,000 tons and 0.34 mtCO2/yr available.  Their plant
on Teesside has 0.4 mtCO2/yr.  BOC  has another plant on Teeside with
0.17 mtCO2/yr available.

 (vii) Ammonia Plants, Europe: The PI Report also mentions other ammonia
plants in Europe, some of which should be considered in the next phase.
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3.6 CEMENT PRODUCTION PLANTS

Globally this source of carbon dioxide is estimated to amount to 100 million tonnes
of carbon emission to the atmosphere each year.  Cement production produces CO2
in two ways;  (i) CO2 is generated from the burning of fuels to heat the kilns and (ii)
it is released when limestone is heated to convert calcium carbonate to calcium
oxide.  Production of cement does not yield pure CO2, but the ‘off gas’ is
comparatively more concentrated than most other sources except for the pure ones.
Depending on process and plant conditions concentration of CO2 in the ‘off gas’
may vary between 14 and 33%.  Cement plants emit CO2 as a result partly of fuel
use and partly from calcination of the limestone raw material.

The IEA-Greenhouse Gas R&D Programme have conducted work regarding CO2-
emissions from the cement industry (IEAGHG, 1999).  The report summarises
possibilities for capturing CO2 from cement plants.  The report did not reveal plant
specific CO2-removal cost estimates, so that plant specific investigations should be
done before cement works can be compared to other options.

No particular cement plants have been studied for the purpose of this report.  As an
example the Norcem Plant, Brevik, near Porsgrunn emits close to 1 mtCO2/yr.  The
plant management believes that it may be possible to achieve a CO2 concentration of
25-30% before eventual capture.  This plant may be an interesting source of
Norwegian CO2 and should therefore be studied in more detail.  Norcem also has a
smaller cement plant in Kjøpsvik in Northern Norway.  Other cement plants may
also be of interest, in particular in scenario-2 for delivering up to 10 mtCO2/yr to the
Tampen area.
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3.7 NORWEGIAN INDUSTRIAL SOURCES

3.7.1 Kårstø Industrial Complex

The Kårstø complex north of
Stavanger has a key role in the
transport and treatment of gas and
condensate (light oil) from important
areas of the NCS.  The original task
was to receive and treat gas from
fields in the northern part of the
Norwegian North Sea via the Statpipe
Trunkline system, and this remains a
major function.

Kårstø receives gas from Statoil's
Åsgard development, and other fields
in the Norwegian Sea, through the

Åsgard Transport Trunkline.  A new facility at the complex to process these supplies
into sales gas started operation in Oct 2000.  Processing facilities at the complex
separate natural gas liquids from rich gas arriving by pipeline.  These NGLs are then
split into propane, butanes and naphtha.  Propane is stored in two large rock caverns
with a combined capacity of 90,000 tonnes.

In addition to the Statpipe / Norpipe system to Emden, lean gas from Kårstø is sent
today through the Europipe-II Trunkline to Dornum on the German coast.

The Naturkraft AS company (part-owned by Statoil) has also received government
permission to build a 400 MW gas-fired power station at Kårstø.  An investment
decision has not yet been made.  The Kårstø gas terminal is also investigating how a
gas power plant may be served by a CHP plant in order to supply sufficient steam
and electricity for future expanded operations.

Operator of Kårstø is Gassco AS with Statoil as the technical services provider.

Kårstø is of interest to the Gullfaks CO2-EOR project for the following reasons:

• It is the arrival point of the Statpipe rich-gas pipeline from Statfjord and
Gullfaks.  The back-produced CO2 from Gullfaks is in the ‘base case’
scenario for the Gullfaks / Tampen-2020 CO2-Study planned to be
transported to Kårstø through Statpipe.  There the CO2 will be removed
from the natural gas in a dedicated separation facility and returned to
Gullfaks in a dedicated CO2 pipeline.

• Kårstø is also potentially a CO2 source.  In addition to currently emitting
about 1.2 mtCO2/yr from gas turbines and boilers, CO2-rich natural gas

Fig. 18: Overview of the Kårstø gas-handling
and industrial complex on the West Coast of
Norway between Stavanger and Bergen.  It ranks
as the world's third largest producer of liquefied
petroleum (propane and butanes) gases.
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comes in through the Åsgard Transport from the Norwegian Sea fields of
Åsgard and Kristin (starting 2005).  The so-called Craier CO2 is extracted
from the ethane distillation at Kårstø as an “azeotrope” (a mixture of liquids
that boils at a constant temperature, at a given pressure, without change of
composition) between CO2 and ethane.  The volume of CO2 in this mixture
is presently about 0.13 mtCO2/yr, but will be increasing as the Kristin field
comes on stream.  This CO2 can be extracted, at a cost, by the use of a
special membrane that has been qualified for the purpose.

• Kårstø is also a possible hub for CO2-ships coming in from places like
Antwerp, Rotterdam, Brunsbüttel and Melkøya with unloading into an
intermediate storage and later pipeline transport to Gullfaks.
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3.7.2 Mongstad Refinery

The oil refinery at Mongstad near Bergen in western Norway is a modern, highly-
upgraded facility with an annual capacity of 10 million tonnes.  Ranked as the largest
refinery in Norway, it is medium-sized in a European context.

This facility belongs to Mongstad Refining AS, which is in turn owned 79% by
Statoil and 21% by Shell.  The principal products are petrol, diesel oil, aviation fuel
and other light petroleum products.
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Fig. 19:  Mongstad refinery with the Mongstad Energiverk as an inserted drawing.  The refinery
is at present the single largest emission site for CO2 in Norway.  By 2006 it will emit about 1.7
mtCO2/yr.  This is also the year in which the Mongstad Energiverk—an approximately 240 MWe
and 320 MWth combined heat and power (CHP) plant—may come into operation.  The total CO2
emitted from the refinery and the CHP plant will then become 2.3 MtCO2/yr.  An investment
decision for the CHP plant may come in 2004, with plant start-up in 2006 pending the goverment
permitting process.
- 38 -

tatoil also owns and operates a crude oil terminal at Mongstad with a storage
apacity of 9.5 million barrels.  Export facilities at Mongstad make this Norway's
argest port in tonnage terms, and the second-largest oil port in Europe after
otterdam.

ongstad is the large industrial site located closest to Gullfaks and is of interest for
he following reasons:

• Excellent harbour facilities and with good possibilities for extension of
harbour and onshore facilities.
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• As a potential hub location for incoming CO2-ships and as a starting
point for a pipeline to Gullfaks.  There is possibly also an opportunity to
convert one of the two Troll oil pipelines coming into Mongstad to a CO2-
export pipeline thereby shortening the new pipeline distance to Gullfaks.

• As a source of CO2 for EOR.

• As an alternative location to Kårstø for processing of a segregated CO2 /
natural gas stream from Gullfaks (this will require both an incoming and an
outgoing pipeline).

• Combinations of the above.
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3.7.3 Snøhvit LNG Plant, Melkøya

The Snøhvit Project will become Europe’s first export facility for liquefied natural
gas (LNG).  Natural gas will be produced through sub-sea facilities at a water depth
of 250-345 meters 140 kilometres out in the Barents Sea.  The recoverable reserves
are 190 billion cubic metres of natural gas, 113 million barrels of condensate (light
oil) and 5 million tonnes of natural gas liquids (NGL).  The produced natural gas will
be transported in a 140 km multiphase pipeline to an LNG plant on an island called
Melkøya just outside of the town of Hammerfest.  The annual export of LNG will be
5.67 billion cubic metres or 4.1 million tonnes.

Construction started in 2002 with contractual gas deliveries scheduled to start Oct
2005.  Total investments will be about NOK 45 billion plus the cost of ships to
transport the LNG to customers in USA, Spain and Portugal.

The natural gas from the Snøhvit field contains CO2 that will be removed to a very
low level at the LNG plant.  About 0.7 mtCO2/yr extracted in this way will be
returned through a CO2-pipeline for injection in a dedicated well to a reservoir under
the Snøhvit gas field.  A further 0.9 mtCO2/yr will be emitted to atmosphere from
five gas turbines for power generation and compression.

Fig. 20:  Illustration showing the Snøhvit, Albatross and Askeladden sub-sea development and the
multiphase pipeline to the LNG plant on Melkøya outside the town of Hammerfest.  Not shown is
the return pipeline for 0.7 mtCO2/yr from the LNG plant to Snøhvit for injection in a separate
well.
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The 0.7 mtCO2/yr removed from natural gas at the LNG plant may alternatively, in a
similar way as discussed for North European concentrated CO2-sources, be liquefied
and transported by ship for use in Gullfaks.

The licensees for the Snøhvit development are Petoro (30.0%), Statoil (22.29% –
operator), Total (18.4%), GdF (12.0%), Norsk Hydro (10.0%), Amerada Hess
(3.26%), RWE Dea (2.81%) and Svenska Petroleum (1.24%).
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3.8 OFFSHORE CO2-SOURCES

3.8.1 The Sleipner CO2

The Sleipner field is located midway
between Stavanger and Peterhead,
Scotland about 240 kilometres from
shore in approximately 80-110 meters
water depth.  The first platform, the
gravity base concrete Sleipner-A
shown in Fig.21 was installed on the
field in 1993.

Sleipner-T (Treatment) was installed
in 1996 and is a smaller steel platform
containing the worlds first offshore
CO2-removal plant.  Here close to 1.0

mtCO2/yr is removed from the 7-9% CO2-rich natural gas from the Sleipner West
platform located 12.5 kilometres from the other Sleipner platforms.  The CO2 is
being compressed (but not dried of water) to just over supercritical pressure on
Sleipner-T, transported over the bridge to Sleipner-A and injected in a dedicated well
to the so called Utsira formation 1000 meters below the sea bed.

Sleipner has long been viewed
as a potential source of already
concentrated CO2 for any CO2-
EOR project, but as shown in
Fig.22 the CO2-production
starts to decline rapidly from
about 0.8 mtCO2/yr in 2007-08
to a level of about 0.15
mtCO2/yr by 2018.  It has there-
fore been tentatively concluded
that the Sleipner CO2 is of
marginal interest as a CO2-
source for Gullfaks EOR.

CO2 Production (mtCO2/yr)
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Fig. 22: The Sleipner CO2 decline curve.  By 2007-08
the production is expected to decline rapidly from about
0.8 mtCO2/yr to about 0.15 mtCO2/yr by 2018.

Fig. 21:  The Sleipner-T (left) and Sleipner-A
platforms with connecting bridge.
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3.8.2 Associated Gas at Brae

There are two potential sources of CO2 gas associated with the Brae fields operated
by Marathon.  The first is the nearly 0.75 mtCO2/yr removed from Brae and Berryl

gas at the SAGE Facility at St. Fergus,
Scotland.  This nearly pure CO2
stream is emitted from the amine
capture system and would need to be
dried and compressed.  The second
source of Brae CO2 is on the West
Brae platform amounting to another
0.75 mtCO2/yr, however this is
currently injected into the East Brae
formation along with other associated

gas to maintain the pressure in East
Brae.  This gas as well as the gas
currently going to St. Fergus could be

stripped of CO2 on the West Brae platform in order to make more space available in
the SAGE line for gas export.

Transportation of the SAGE CO2 could be handled by future ship, a future new line
from Scotland to carry CO2 from other sources as well, or possibly through the
reversal of the Miller Pipe from the Miller field to Peterhead near St. Fergus.  BP,
who controls this line, has stated that they would prefer to see this line used as a
natural gas line, but in the absence of available gas to Peterhead, they are considering
the reversal of this line for CO2 transport.

As in the Sleipner case above, the CO2 available from Brae will be on a decline in
the coming years, but there is sufficient CO2 available to contemplate this as a future
source while other larger and more longer term sources are brought on line.

Fig. 23:  Map showing general layout of the
Brae / Sleipner fields either side of the median
line.
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3.8.3 Offshore Platform Power Generation

The offshore sector has also been growing steadily in importance in the Norwegian
greenhouse gas budget.  Today about 28% of the total Norwegian CO2-emissions
comes from the offshore sector.

A number of studies have over the years been conducted to see if CO2 could be
removed from Norwegian offshore gas turbines.  The main reasons for this being the
existence of an offshore tax on CO2 since 1991 varying between NOK 300 and close
to NOK 400 /tCO2 (equivalent to $40 - $53 /tCO2).  These studies, which have
included both post- and pre-combustion technologies, have all so far concluded that
offshore CO2-removal is much more costly than can be defended by the CO2-tax.

For the purpose of this report it has been concluded that offshore gas turbine exhaust
gas is not a viable source of CO2 for EOR.

Fig. 24:  Map of CO2 point sources in Norway.  The location of both onshore and offshore
sources are shown.
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3.9 SUMMARY OF IDENTIFIED CO2 SOURCES

Of the surveyed sources for CO2, the following sources were selected to evaluate for
collection by ship and either transported to Kårstø, Norway or to Esbjerg, Denmark
for further transit by pipeline:

Source Quantity (mtCO2/yr)

Elsam, Esbjerg, Denmark 2.0

BASF/Air Liquide, Antwerp, Belgium 1.1

Shell Refinery, Pernis, Netherlands 1.0

Norsk Hydro, Brunsbüttel, Germany 0.7

Melkøya, Norway 0.7

Additional sources were also evaluated for cases involving all pipeline delivery or 10
and 20 mtCO2/yr deliveries including:

Elsam, Ensted, Denmark 3.0

Selected UK Power Stations 9.0

Kårstø, Sleipner & Brae 1.5

Other possible sources (presently not studied):

Mongstad Energiverk and possibly parts of refinery 1.0 – 1.5

Grenland area (flue gas cement, petrochemicals) 1.0 – 2.0

Tjeldbergodden (reformer flue gas) 0.4

For overview of proposed schedule for the Elsam CO2-capture plant and CENS
pipeline Esbjerg – GFB see Attachment-(I).

For further details regarding the concentrated CO2 sources in Belgium, Netherlands
and Germany see Attachment-(II).
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4. THE SUPPLY SCENARIOS FOR CO2 DELIVERY

The supply scenarios have been developed in response to the CO2-demand
requirements of the Tampen-2020 Project as described in Section 2.  We have to
date focused on identifying a portfolio of sources to ensure security of supply in
combination with two possible transportation infrastructures comprising of either
pipelines or ships or a combination of both.

The most secure single source and large volume supply is considered to be from the
coal-fired plants operated by Elsam in Denmark.  The CENS Project commissioned
and have completed a pipeline study from Intec Engineering BV (INTEC, 2003)
with the purpose to determine the best routing, construction schedule and cost
estimation for a pipeline from Esbjerg to Gullfaks-A (GFA) platform13 transporting
respectively 5 and 10 mtCO2/yr.  For further details see Attachment-(III).

In each pipeline scenario, distance, operability, ease of installation and permitting
were analysed.  It was determined that the route from Esbjerg to Gullfaks would have
the pipeline placed above 200 metre in order to facilitate pipeline installation.

In this CO2-Supply Report for Scenario-1 we have proposed the following three
possible sub-scenarios:

 (A). A dedicated pipeline (18-inch diameter / 683 km length) from Esbjerg to
Gullfaks-B (GFB) platform.  The CO2 would be gathered from two of
Elsam’s coal-fired power plants: Esbjergværket which is capable of
supplying 2.0 mtCO2/yr and Enstedværket (located 95 km further south east
near the German border) that is capable of providing 3.0 mtCO2/yr.

 (B). Ship transportation of approximately 5.5 mtCO2/yr from multiple North
European sources (including 2.0 mtCO2/yr from Elsam’s coal-fired power
plant Esbjergværket, West Denmark), to a gathering and storage complex at
Kårstø (or alternatively Mongstad).  Final delivery would be through a
dedicated pipeline (20-inch diameter / 324 km length) from Kårstø to GFB.

 (C). Development of Esbjerg as a CO2-hub for gathering and storage,
together with a dedicated pipeline (18-inch diameter / 683 km length) from
Esbjerg to GFB.  Approx.. 3.5 mtCO2/yr would be shipped in from different
North European sources, while 2.0 mtCO2/yr would be available from
Esbjergværket.  The total 5.5 mtCO2/yr would be commingled at the shore
crossing point (approx. 20 km north west of Esbjerg) and boosted to 280 bar
before pipeline transportation to GFB.

                                                
13  The original SoW with INTEC was for pipeline to GFA, however the end-of-pipe location has
subsequently been changed to GFB.  This has no significant implication for the INTEC Report.
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In both (A) and (C) the necessary onshore pipelines are included in the cost
estimates.

For Scenario-2 (10 mtCO2/yr) the CO2 will be transported from the shore crossing
point west of Esbjerg to GFB through a dedicated pipeline (24-inch diameter / 682

km length).  The maximum pressure at
the shoreline booster station would
here need to be 230 bar as it is not
envisaged to have any offshore
boosters.

A route plan shown in Fig.25 was
determined ensuring depth nominally
no greater than 200 metre (primarily to
facilitate laying considerations), and
also assuming the most direct route be
taken that would skirt the Norwegian
trench.  Publicly available charts were
used to determine easiest terrain to
traverse and to minimise the number
of pipeline crossings between Esbjerg
and Gullfaks / Tampen.

In Scenarion-2 it is proposed that 1.5
mtCO2/yr will be available through a
spur line (8-inch diameter / 100 km
length) from associated gas at the
Sleipner and Brae fields.

The CENS partners have also
evaluated a Scenario-3 comprising of
delivering 20 mtCO2/yr—with the

a
m
a
t
S

Fig. 25:  Detailed map showing trajectory of the
Esbjerg – GFB pipeline for Scenario-1 (18-inch
OD) and Scenario-2 (24-inch OD as shown),
together with spur line (8.6-inch OD) to gather
possible CO2 from Sleipner and also Brae in the
UK sector (not shown).  Total pipeline length is
682 km.
- 47 -

dditional volume coming from coal-fired power plants in the UK.  The slightly
odified pipeline trajectory is made evident in Fig.25 by the dashed lines, with an

dditional pipeline having a 22-inch outside diameter (OD) sketched coming up from
he bottom left corner of the map.  This scenario is not described in the present CO2-
upply Report.
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4.1 SCENARIO-1 (A): PIPELINE FOR 5.0 MTCO2/YR TO GULLFAKS-B

The Base Case pipeline option is to take 5 mtCO2/yr from Denmark and assume the
offshore pipeline originates near Esbjerg as shown in Fig.26.  This option was
considered to be the most secure source of CO2 from the perspective of fewest, and
therefore largest, single sources to contribute to the total amount of CO2 needed for
the project.  In this case 2.0 mtCO2/yr were to originate from Esbjerg and 3.0

Fig. 26:  General sketch showing basic layout for Scenario-1 (A) with two Danish coal-fired
power plants supplying 5.0 mtCO2/yr via 18-inch OD pipeline direct to GFB.  Also shown (but
not included in the scenario economic analysis) is the Statpipe for transporting ‘back-produced’
CO2 to Kårsto and the recycled CO2 line from Kårstø out to the main Esbjerg – GFB Trunkline.



ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- 49 -

mtCO2/yr from Enstedværket.  A 10-inch onshore pipeline of 95 km would connect
the two onshore sources overland.

CO2 extracted from the power plants would be dried and compressed to supercritical
phase and transported over land at around 105 bar (which is the maximum allowed
for permitting over land).  Prior to injecting into the offshore segment of the 18-inch
pipeline, the CO2 would be pumped to approximately 240 bar to ensure that the CO2
reaches Gullfaks at around 100 bar and therefore still in a supercritical phase.

The Danish landfall for the pipeline is located in the Kaergard area, on a straight
coastline section between the southern end of the Ringkøbing Fjord and the Blåvands
Huk lighthouse.  In this area there exists a dedicated approach corridor, where a large
portion of the Danish pipelines and cables make their landfall.

Using the scenario that all CO2 reprocessing would be performed at Kårstø, a return
line would be constructed from Kårstø to the main CENS line, approximately 120
km long, connecting into the main line about 280 km south of Gullfaks.  The
remaining portion of the line from that point North would be expanded from 18 to
20-inch to allow for the approximate 3 mtCO2/yr of recycled CO2, and thereby
increase the final throughput of the mainline to handle the total capacity of 8-9
mtCO2/yr of combined fresh and recycled CO2.
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4.2 SCENARIO-1 (B): SHIP TRANSPORTATION OF 5.5 MTCO2/YR TO KÅRSTØ

The Base Case for the Tampen Area, as currently proposed by the Gullfaks Project,
is to have approximately 5.5 mtCO2/yr (of comparatively pure CO2 that is readily
available within northern Europe) transported by ship to Kårstø from various
distributed sources, and then in combination with an intermediate storage transfer via
pipeline to GFB as indicated in Fig.27.

Fig. 27:  General sketch showing transport routes for Scenario-1 (B) with 5.5 mtCO2/yr
transported by ship to Kårstø from Esbjerg (2.0mt), Brunsbüttel (0.7mt), Antwerp / Rotterdam
Area (2.1 mt) and Melkøya (0.7 mt).  This scenario includes a 20-inch CO2 pipeline from Kårstø
to GFB (323 km) and also the back-produced CO2 being transported through Statpipe to Kårstø.
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At each source location, storage would be built and harbour facilities would be
prepared to ensure efficient transfer from shore onto the purpose built CO2-
refigerated ships.  In total three ships would be used, each capable of carrying 23,000
tons of CO2 per trip.  One ship would be dedicated to Esbjerg, and one for each of
the southern load ports while the third would be dedicated to taking CO2 from
Snøhvit.  In the current configuration, there is ample overlap on all ships to allow for
changes in delivery patterns should such eventuality arise.

Volumes for the ship transported option would be captured and stored for transport:

SOURCE LOCATION                         mtCO2/yr

Esbjerg – ELSAM 2.0

Antwerp – BASF 1.1

Pernis – Shell 1.0

Brunsbüttel – Hydro 0.7

Mekoya – Snøhvit                                          0.7

TOTAL                                                          5.5

Attachment-(IV) contains more explicit details regarding possible ship transportation
schedules together with additional case scenarios that are not included in the present
CO2-Supply Report.  (Note that case scenario numbering differs from that used in
this report.)
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4.3 SCENARIO-1 (C): SHIP AND PIPELINE FOR 5.5 MTCO2/YR VIA ESBJERG

The third (5 mtCO2/yr scenario) considers gathering approximately 3.5 mtCO2/yr by
ship to Esbjerg and then having 2.0 mtCO2/yr from the coal-fired power plant at
Esbjergværket.  The two supplies would then be commingled before transportation to
GFB via 18-inch diameter 682 km long dedicated pipeline with shore crossing point
25 km North West of Esbjerg.

This alternative allows for shorter distances to transport the shipped CO2 and places

Fig. 28:  Basic sketch showing scenario-1 (C) with Esbjerg functioning as a CO2-hub in
combination with an 18-inch OD pipeline Esbjerg – GFB.
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the hub where volume from future coal-fired plants can be increased.  In this option,
using Esbjerg allows the ships to be able to offload directly from onboard tanks into
the pipeline, with little storage cost requirements.  An alternative option with
commingling could permit pumping CO2 from the vessels into the pipeline, but
would require the line delivery speed to be lowered.  However, while the temperature
would increase a few degrees the CO2 would always remain in the liquid phase
(INTEC, 2003).
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4.4 SCENARIO-2: GULLFAKS WITH OTHER FIELDS (10 MTCO2/YR FOR 20 YR)

The partners in this CO2-Supply Report have also provided an option of 10
mtCO2/yr for delivery to Gullfaks together with (unspecified) adjacent fields on
either side of the median line in the Norwegian and UK sectors.  The purpose of this
has been to evaluate how the cost of delivered CO2 may develop if larger volumes
are considered than those needed by the Gullfaks field alone.

Fig. 29:  This scenario uses all the readily available CO2 from sources on the coast.  However,
should some of the shipped CO2 be unavailable, there are also other potential CO2 sources in
Denmark that can be included.  Assuming the volumes available as in the pictures above, the total
supply could be approximately 10.8 mtCO2/yr.  Sizing of the offshore pipeline would then increase
from 18 to 24-inch OD: with sufficient onshore CO2-sources then Sleipner and E. Brae CO2
would possibly not be needed.
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5. LOGISTICS OF CO2-TRANSPORTATION

5.1 DEDICATED PIPELINE INFRASTRUCTURE

CENS and New Energy were originally asked by Gullfaks / Tampen-2020 to develop
two basic scenarios for pipelines;  (i) supplying Gullfaks with 5 mtCO2/yr, and (ii)
including Snorre, with satellite fields for a total of 10 mtCO2/yr.

In 2001 the CENS partners conducted a preliminary pipeline study (INTEC, 2001) to
assess the feasibility of a North Sea CO2-EOR infrastructure for up 30 mtCO2/yr
coming primarily from coal-fired power plants in the UK and West Denmark.

Recently, and as part of the MoU with New Energy for the present CO2-Supply
Report, a second INTEC Report (INTEC, 2003) was also conducted covering three
scenarios of 5, 10 and 20 mtCO2/yr, even though for the purpose of the CO2-Supply
Report to Gullfaks the 20 mtCO2/yr option is not here elaborated upon in any detail.

In this section we address all the major elements that were studied to provide a
description of the integrity for a complete CO2-pipeline infrastructure that could be
built to the Gullfaks area.  The INTEC Report is also included as Attachment-(III).

It was concluded that for a line of this type and given that one scenario included
ships needing significant refrigerating capability, that the purity of the CO2 was
paramount to best performance.  KMCO2 do not consider this pipeline to be a
difficult undertaking in the North Sea arena, given the pipe-laying history of the area,
governmental guidelines for design and construction, pressure requirements for other
category pipelines already in place, diameter for the options considered, and length
of the line.  The proposed line can be laid in one season and there is currently enough
lay vessel capacity available for the job.  Likewise, steel manufacturing capacity
exists currently to allow the pipe to be produced to the specifications needed
(whether X-65 or X-70).  The depiction below details the logical progression used to
determine the characteristics of the pipeline.  The line can be built for service
beginning late-2007 – early-2008.

The first consideration for any pipeline is the quality specification (usually termed as
“spec” or “specs”) for the product to be moved.  Fig.30 shows the specs for Permian
basin type CO2-EOR projects.  KMCO2 have found that the minimum CO2 spec of
95% mole-pure to be minimum for miscible type floods.  This may differ from the
North Sea.  The quality of CO2 proposed to be carried by the pipeline, and the basis
upon which the logistics study was done are those detailed in Table 1 Section 3.1.3
as compression and refrigeration are important considerations for maximum transport
of CO2, whether by pipeline or by ship.  The most important quality for CO2
pipelines is the dryness of the CO2.  When CO2 is mixed with water, carbonic acid is
formed and under high pressure, temperature and flow rates, can be extremely
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corrosive.  Dry (see specifications in Fig.30), can be safely transported through
regular carbon steel lines.  No exotic metals are required and all of the onshore
pipelines in the US are carbon steel as opposed to chrome or stainless.  However it is
imperative that the CO2 must be dried at the earliest stage of handling possible to
ensure safety from corrosion.

Once it is known what will be carried and the quality, then the pipeline design and
construction criteria can be determined.  The study performed developed the CO2
transport infrastructure including routing, environmental, thermal hydraulic analysis

(pumping requirements v’s. pipe OD), and mechanical definition (wall thickness,
weight coating, CP, etc.).  The system definition has progressed to a level suitable to
produce a cost estimate for the level of detail required in the BoK.  Mill capacity and
availability were investigated and candidate lay vessels screened.  A high level
schedule was subsequently made, accompanied by a ±20% CAPEX and associated
OPEX estimate.

Fig. 30: Example of quality specifications for CO2 contract with third party from Kinder Morgan
CO2 Company, L.P.
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A steady state hydraulic analysis was performed for each of the concepts to establish
the flow pattern, required inlet pressure and pipeline diameter required to transport
the gas without booster-stations along the pipeline route.  A sufficient level of
flexibility was analysed to account for slightly more and less CO2 (swing factor) to
be transported than the nominal throughput.  Such flexibility in production will be
important for any CO2-EOR project using anthropogenic CO2.

The routing also called for environmental assessment and was accomplished for this
level of detail based on data contained in Admiralty charts (see earlier Fig.25) and
known bathymetrical historical data.  A seabed temperature of 5ºC was used.  For the
cathodic protection calculation, the whole pipeline was assumed to be situated in a
temperate region, which is in accordance to the DNV guideline used for the design.

Fig. 31  Sketch showing Battery Limit used in conjunction with the INTEC Report for pipeline
scenarios.  The Report investigated a combination of both ships and pipelines coming into an
Esbjerg CO2-hub and commingling of the two streams at the shore crossing point (see also
discussion in footnote 21).
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The mechanical design of the pipeline scenarios was based on Det Norske Veritas
(DNV) “Offshore Standard for Submarine Pipeline Systems” (OS-F101).  However,
pipeline stability was also compared to the industry standard software of American
Gas Association (AGA) L2 stab.  The preliminary cathodic protection design was
performed in accordance with DNV Recommended Practice RP B401, Cathodic
Protection Design. (For further details see Attachment “2003-INTEC_Report.doc”).

The stability of the pipeline is of great importance in order to ensure a safe pipeline
over its design life.  A program was used that simulated the amount of oscillation and
movement to predict self burial on the seafloor.  The level of self burial assists in
determining the safety from wave action and the amount of in-line forces as the
generation of passive resistance by the line.  From this the amount of cement coating
needed was also determined.  In the 5 mtCO2/yr scenario, it was estimated that the
pipeline would only need cement coating below 70 meters water depth, or only along
one-third of the length of the pipeline.

Cathodic protection will be applied to protect from external corrosion by placing
Inudium triggered aluminium anodes to the pipeline at pre-determined spacing.  The
study performed determined the spacing (every 8 joints) and mass of the anode.

The pipeline under either scenario (18 or 24-inch OD) can be laid in one season with
one or two contractors utilising available second to fourth generation lay vessels.
Based on requirements and orders on books at the time of the report, there should be
no problem acquiring vessels for the project at reasonable rates.  Brief contacts
regarding steel mill availability shows that there is spare capacity at this time for
steel of the type needed for this pipeline.  Of course, the longer lead time given, the
better for such an operation.  There are other North Sea pipeline projects on the
books for the next four years that will consume many of the resources in the area.

Fracture protection is an area unique to CO2 pipelines (Marsili and Stevick, 1990).
In the study performed, it was stressed that the pipeline have fracture arrestors at
required intervals along the entire length of the pipeline.  While this does add extra
cost to the system, the cost is not exorbitant, and the fact that the line is offshore and
not easily accessible (as opposed to an onshore line), this feature is deemed
necessary to ensure the unique properties of CO2 when depressurised cannot result in
catastrophic failure to the system due to longitudinal fracturing.  In the cost analysis
of the pipeline under both scenarios, the cost to lay the line is increased both by the
extra cost of the arrestors and also by the labour needed to attach at the appropriate
spacing.  However, this is not a material cost for the line.
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5.1.1 Pipeline Operations

Modern pipelines (offshore and onshore) use state of the art Supervisory Control and
Data Acquision (SCADA) systems to run the complete transportation infrastructure,
as well as to monitor and control all aspects of maintenance, safety and flow
assurance.  From a safety perspective, this is invaluable as any drop in flow pressure
or any anomaly can be immediately identified and steps taken to rectify problem
(Fox, 2002).

SCADA control (shown in Fig.32)
would be designed into the Gullfaks
pipeline from inception.  Operators
will then be able to, via remote
control, change pump speeds, open
and shut valves, modify compression,
and capture measurement, for both
quality and quantity.  This feature is
even more important in an offshore
environment where leaks into water,
especially from pipelines carrying
toxic or environmentally hazardous
substances, can be instantly identified

and the line stopped until the problem is resolved.

Safety, both to the public and employees is of paramount importance in all pipeline
operations.  Governments over the years have codified very stringent requirements
on owners and operators of pipelines, both onshore and offshore, to ensure safety is
more than a word.  In today’s world, a pipeline is valued in the hundreds of millions
of dollars and prudent operators institute safety procedures, not only giving a value
to life, but also to aid in the value retention of the pipeline itself.  These regulations
dictate every aspect of a pipeline’s life; from design through to construction and
preventative maintenance, as well as employee and public awareness.

Such emphasis on safety applies to both the environment and humans that may
interact with the line.  In the US all personnel are required by governments to be
trained in safety procedures and keep training up to date.  Finally, all pipelines are
required to have written safety procedures instituted.  Experience to date confirms
that CO2-pipelines have very low accident rates, especially when compared with
liquid and gas hydrocarbon pipelines (Otter et al., 2003).

Fig. 32:  Overview of the SCADA Control Room
for the KMCO2 pipeline infrastructure operating
in the Permian Basin, West Texas.
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5.2 SHIP TRANSPORTATION

The use of ships as “floating pipelines” for
maritime transportation of CO2 is today
still in an embryonic stage of
development.  World wide there are only
four ships of a limited size being used for
this purpose. Out of these four ships,
Norsk Hydro charters three (shown in
Fig.33) and a fourth is chartered by AGA.

For additional information see also INTEC Report, App-B. “CO2-Ships in Service”.

These vessels are generally used for transporting liquefied, food grade CO2 from
large concentrated point sources of CO2, such as ammonia plants, in Northern
Europe, and to costal terminals in the consuming regions.  From where CO2 is
distributed to the customers—either by tanker trucks or in pressurised bottles.

The STP/ Navion engineering team in Norway have made designs for CO2-ships and
associated onshore CO2-liquefaction plants and intermediate storage facilities.
These designs are in most respects based on relatively moderate stretch of existing
technology.  This ship concept is capable of carrying about 20,000 Sm3 of liquefied
CO2 at about –50oC and seven to eight bar pressure.  Lowering the temperature at
atmospheric pressure cannot by itself liquefy CO2, only make so-called ‘dry ice’ or
solid CO2.  Liquid CO2 can only exist at a combination of low temperature and
pressures well above atmospheric.
Fig. 33:  Three of the ships owned by Hydrogas shown in port.  Each has two CO2-tanks with
total capacity between 900 - 1200 tCO2 for each ship.  Maximum speed is 12 knot.
- 60 -
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5.2.1 Purpose Built CO2-Ship Carriers

These provide a floating pipeline over extended distances.  They can relatively
quickly facilitate transportation of CO2 from sources that have readily available CO2
but no convenient infrastructure in which to transport this.

Statoil has together with Navion, Vigor (Orkla Engineering) and SINTEF designed
a ship dedicated for CO2 transport (STP/ Navion, 2003).  The CO2-Supply Report is

based upon many of the results achieved in this project.  This includes the ship itself,
storage facilities, condensation and loading/unloading facilities.  For additional
details see also Attachment-(V).

The CO2 ship is a gas carrier with a loading capacity of 20,00014 Sm3.  The CO2 is
transported in a liquid phase, at a pressure of 7 bara and at a temperature of –53ºC.
With a density of 1.15 the transport capacity is 23,000 tons.  The ship is 180 meters
long and 31 meters wide.  The ship has a service speed of 15 knots.  Fully loaded the
ship has a draft of 9.1 meters.

                                                
14  This ship size is somewhat arbitrary, but initial studies indicates 20,000 Sm3 to be a suitable size
for North Sea distances and single point volumes.  Both smaller and larger ships are feasible within
the same general concept.

Fig. 34:  Purpose built CO2 ship carrier. There is on-going design work in Norway (STP/
Navion, 2003) and Japan for larger CO2-ships together with associated liquefaction and
intermediate storage facilities.
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The Ship Transport Project (STP/ Navion, 2003)15 has designed a ship with the
ability to unload offshore using a submerged turret loading system.  However in the
CO2-Supply Report the terminal ship has been used.  The ship takes approximately
12 hours to load and unload. 

Although especially designed for CO2, the ship could carry the following cargos:
Butadiene, Butane, Butane/propane mixtures, Butylenes, Propane and Propylene.
With the installation of additional equipment for detection of toxic gases the
following products could also be transported: Ammonia, Diethyl Ether,
Dimethylamine, Ethyl Chloride, Isoprène, Isopropylamine, Mehyl Chloride,
Monoethylamine, Propylene Oxide, Vinyl Chloride Monomer and Vinyl Ethyl Ether,
(STP/ Navion, 2003).

5.2.2 Retrofit of Existing Carriers

There are ships in the market (LPG ships) that could carry liquid CO2, (STP/
Navion, 2003)  It was however decided to use new-build ships in the present study.
Using the dedicated CO2-ship design, there would be fewer uncertainties involved.
The use of existing ships should however be investigated in the next phase, as it
could contribute to the overall economy of the project.

There are already concentrated CO2 sources that cannot be served by the 20,000 Sm3

CO2 ship but possibly by 10,000 Sm3 sizes.  Most of the existing ships are 15,000
Sm3 and less, and could therefore play a role in such cases.

                                                
15  The Ship Transport Project (STP) is a research project independent of the present CO2-Supply
Report and the Gullfaks CO2-EOR studies.  They have kindly provided this report with their data
which is all included as Attachment-(V).
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5.3 INTEGRATING SHIPS AND PIPELINES

An important aspects of this study was to determine how and if ships and pipelines
could be economically “joined”, as it were, to allow for the study of an alternative to
bring CO2 via ships to a location where the CO2 could be injected into a pipeline.
This is applicable whether the offshore pipeline begins at Esbjerg, Denmark or
Kårstø / Mongstad, Norway.  The question was asked: Can the physical properties of
CO2 shipped in refrigerated vessels be combined economically and safely with the
pressure and temperature requirements of a CO2 pipeline?  An underlying question
was: Can the two dissimilarly “liquefied” CO2-streams be combined (again
economically) without having the CO2 return to a gaseous state?  The answers are:
yes to both.

The first and most important aspect of this analysis is purity of the CO2.  The CO2
must be greater than 99% mole pure.  Utilising purities of the CO2 “fluid” in quality
normal in US EOR projects (pipeline specifications require minimum 95% mole
purity), would result in substantial problems for not only shipping the CO2 cost
effectively, but also the volume of CO2 that could be commingled from ships and the
total CO2 ultimately transported via pipeline to Gullfaks.

There are two alternatives for commingling the CO2 between ships and pipeline.
First is to offload the shipped CO2 into refrigerated tankage, keeping the CO2 liquid.
Then slowing the pipeline shipping speed enough to allow the refrigerated CO2 to be
compressed and pumped into the pipeline for transport to Gullfaks.  More detail on
this below.  The second alternative is to allow the ships enough lay time in the
charter agreement to have the refrigerated liquid CO2 compressed and pumped
directly into the pipeline.

Addressing the issue of how and whether CO2 refrigerated to liquid can be
commingled with CO2 pressurised to liquid state (super critical), without returning at
some point to a gas and liquid mixture was actually easily solved.  The CO2
liquefied for transport at origin is refrigerated to approximately -50º C at a pressure
of around 7-8 bara.  CO2 in the pipeline at the commingling site will be at
approximately 105 bar.  At pressures above 70 bara and 20ºC, CO2 is supercritical or
liquid.

From either onshore tankage or directly from the moored ship, the chilled CO2
would be boosted in pressure to the pressure necessary to enter the pipeline.  This
would slightly warm the chilled CO2, but not enough to cause the CO2 to revert to
gaseous state, and be limited to only a few degrees C.  The combined CO2 would
then be transported to the offshore pipeline where the CO2 would be boosted to
between 230-280 bara, depending on the pipeline diameter, for the journey to
Gullfaks.
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The requirements needed for swing CO2 production (at origin), especially from a
power plant that will require maintenance periodically, and the requirements of the
Gullfaks field for CO2 injection, coupled with the amount of line pack available at
any given time will determine the amount of storage needed at any such location
where shipped and pipelined CO2 are to be commingled.  At later stages of the
project, the swing capabilities and capacities will need to be more fully evaluated.
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5.4 ONSHORE CO2-STORAGE

A critical feature of a CO2 delivery system is matching the
supply and demand for the CO2 product.  This extends
from the short term hourly and daily variations right up to
the fundamental total available volumes in accord with
sales contracts with binding obligations and take-or-pay
clauses.

In the proposed long distance pipeline scenarios CO2 will
have sufficient compressibility to provide the required

flexibility.  In the case of ship transportation a storage buffer capacity will be needed
at the source and favourable also at the delivery point.  In this section we will
describe the recommended technical solutions for storage, and also document
approximate investment and operating costs that different solutions may entail.

5.4.1 Storage at the CO2-Source

At the source the storage need calculated by ship logistics simulation typically is
150% of the ship size, i.e. the typical storage volume in this project will be between
20,000 and 30,000 Sm3 liquid CO2.  As most of the sources are situated in areas with
large depth to bedrock, the recommended solution for this size of storage is steel
tanks designed by the CO2 ship transportation project (STP/ Navion, 2003).

As seen in Fig.35 (next page), this storage is placed between and connected by
pipeline to the condensing facilities at the source and the loading equipment at the
ship quay.

The storage consists of 10 cylindrical steel tanks each with a volume of 3,000 Sm3

arranged 5 on each side of a culvert containing all connecting piping and cables.
Each tank will be placed in a prepared “leca” cradle.

A similar, but larger solution could be used on the receiving side.  For further details
see also Moger and Bratbakk (2003).
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Fig. 35:  Sketch showing approximate size and layout of quayside CO2-handling / storage facility.
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5.4.2 Storage at the CO2-Hub

In the case of a logistics solution combining ship transportation and pipeline at a
CO2-hub, the need for larger intermediate storage volumes will emerge.  If such a
hub is located in an area of hard rock (such as onshore Norway), and the storage
volume needed exceeds 50,000 Sm3, a CO2 rock cavern storage is recommended for
further evaluation.  This storage will be similar to existing low temperature propane
rock cavern storage that are operating at Mongstad and Kårstø, the Kårstø caverns
being the largest with a volume of  250,000 Sm3 containing liquid propane at –43ºC.
To maintain the CO2 in its liquid phase  the cavern will have to operate at a pressure
above 7 bara, with containment being assured by groundwater head.  For further
details see Attachment-(VI).

The storage concept and Statoil experience is described by Moger and Brattbekk
(2003), while the necessary topside equipment for refrigeration and operation with
CO2 is described by Orkla Engineering (2003) in Attachment-(VII).

The cost of a 60,000 Sm3 rock cavern storage has been estimated to be NOK 6,000
/Sm3 storage space (including topside installations).
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6. LEGAL, FISCAL AND TAX CONSIDERATIONS

Using CO2 for EOR in Gullfaks—or any other offshore field—will be a first of its
kind on a world wide basis.  So far only land-based CO2-floods have been
developed.  The legal framework, together with fiscal system and taxation in an
offshore setting is very different from that of land-based operations of this type.

6.1 LEGAL ASPECTS OF CO2-FLOODING OFFSHORE

The Ospar (Oslo - Paris) Convention for the protection of the marine environment
of the north-east Atlantic, is an important legal entity for the North Sea oil and
natural gas activity.  The Convention covers “dumping at sea”, and the injection of
CO2 in the ocean or under the sea bed is one of their fairly recent concerns.

A specially appointed Ospar group of Jurists and Linguists (JL) presented their
findings regarding CO2 storage at a meeting in Bremen, Germany in June, 2003
(Ospar, 2003).  The following are direct quotes from their report:

“In total, JL considers that the range of purposes for placement of CO2 in the
maritime area which need to be reviewed include, together with possible
combinations of these purposes:
a. as genuine scientific experiments to increase scientific knowledge about the

effects;

b. disposal of CO2 including:

(i) sequestration of CO2 for the purposes of climate mitigation;

(ii) disposal of CO2 arising from a land-based operation;

(iii) disposal of CO2 derived from the normal operations of an offshore
installation;

c. introduction into a hydrocarbon reservoir to facilitate or improve the production
of oil or gas.”

The Ospar JL group made tentative conclusions (subject to further debate):
• Injection of CO2 as part of the hydrocarbon production process is

“Permitted subject to other Convention requirements”

• “Pipeline from land coupled to with offshore installation  and release into
the water column or injection into underground strata” for climate change
mitigation is “Dumping and therefore prohibited”

The status of the referred paper (Ospar, 2003) is, however, rather preliminary at the
moment as illustrated by the below quote from the JL-paper:

“Some participants in JL also wish to emphasise that this paper is based on limited
discussions at a meeting of JL on at which only a relatively small number of
Contracting Parties were represented.  The conclusions that could be reached are
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therefore preliminary and those conclusions and the issue generally may therefore
merit further debate in a wider grouping.”

Norway, being a member of the London and the Ospar conventions, have permitted
both the Sleipner and the Snøhvit CO2-storage projects.  The Norwegian government
can therefore perhaps be said to have prioritised climate change concerns over
juridical and linguistic interpretations of the conventions.

In conclusion, the situation can be said to be rather clear with respect to the use of
CO2 for enhanced oil recovery.  For underground storage there is a strong
Norwegian government practice (Sleipner, Snøhvit), but the Ospar and London
convention members are still discussing the issue.
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6.2 FISCAL REGIME FOR CO2-FLOODING

6.2.1 Example of Tax Incentives:  US CO2 for EOR fields

In an effort to maximise US crude oil production (as well as limit oil imports), the
enhanced oil recovery (“EOR”) incentives, still part of the US tax code, were
instituted over two decades ago to encourage and promote continuing production
from older fields that might under other circumstances be abandoned.

The higher costs associated with the implementation and operations from such a
project would be defrayed by the EOR credit.  In one form or another, a “tertiary
incentive” has existed in the US tax code since 1979, when crude oil was under price
controls.  First, there was a volume price exception for price controlled oil, to allow
crude oil so produced to be sold at then free market prices, then there was an
exemption from the US Windfall Profits Tax, and also a credit for production fuels
from non-conventional sources.  Finally, the EOR tax credit was codified in 1986.

The US tax code allows a 15% tax credit for qualified EOR-projects, which in the
original language contained in the US DOE regulations mentioned only CO2 as a
fluid that could be used.  Allowed costs included actual costs for the project,
intangible drilling costs associated with the project and tangible costs for the project.
The IRS (Internal Revenue Service) subsequently expanded the definitions to
include:

Miscible fluid displacement Steam drive injection

Micro emulsion, micellar flooding In-situ combustion

Polymer augmented water-flooding Cyclic steam injection

Alkaline (Caustic) flooding CO2-augmented water-flooding

Non-miscible CO2-flooding Non-miscible, non-HC gas displacement

Administering and calculating the tax is complicated requiring that any tax credit
used also be offset against any other depreciation or cost reduction that might
otherwise be taken by the taxpayer16.  Noticeably, the tax credit is not mandatory, but
elective; that is, if the effect of the EOR tax credit places the taxpayer in a tax
position less advantageous than otherwise would have been available without the
EOR credit, the taxpayer may elect not to take the credit.

                                                
16 In this way the costs cannot be deducted twice.



ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- 71 -

Costs associated with primary and secondary production are explicitly excluded from
being considered, oftentimes when there is a clear connection (such as crude oil
tanks).  The tax credit is for tertiary methods of hydrocarbon recovery only.  The
expenses allowed to be taken extends to the cost of the fluid being used, as well as
actual drilling, re-completion, land and other costs associated with the well or wells
that are part of the EOR project.  Each project must be certified by a petroleum
engineer.

The tax credit does have a limitation and begins to phase out when prices for crude
oil exceed a base price of $28.00 /bbl.  Under the regulations, the tax credit is 15% of
the allowed costs associated with the EOR flood, reduced by the ratio the reference
price for oil (the average price received for the oil produced) exceeds $28.00 /bbl
(but adjusted for inflation) divided by $6.00 /bbl.  As an example, with oil at $30 /bbl
this works out as,

Ref. Price LESS $28.00 (adj)          $30.00 LESS $28.00        $2.00
---------------------------------      =     ------------------------ =  ----------  =  33.3%
                 $6.00                                            $6.00                    $6.00

indicating a tax credit of 10%, and that the mechanism would in normal practice be
phased down from 15% to zero as oil price changed from $28 to $34 /bbl.  However,
the regulations allow for the base price to be adjusted for inflation (since 1990), and
the current (as of 2001) reference adjusted price is now over $56.00 /bbl.  No
reduction to the per barrel EOR tax credit is envisioned until prices for crude oil
exceed that very lofty level.

As noted earlier in the paper, several individual States give EOR tax credits to
stimulate production within that State:  Texas, where the vast majority of CO2-EOR
projects are active, grants a reduction or elimination of the severance17 tax for all—
not just incremental—EOR crude oil and gas produced and sold (Jarrell et al., 2003).

To a considerable extent it is evident that the combination of both the federal
government 15% tax credit and any state allowance credits has created the
prerequisite incentives to spend the additional money necessary to recover the
tertiary production.

                                                
17  “Severance” tax is merely a vehicle for determining where the basis for a tax is determined.  When
the hydrocarbon is “severed” from the ground and sold (in merchantable form), the quantity is
measured and a percentage tax applied to the price received for each barrel sold.
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6.2.2 Taxation for EOR Fields in the UK Sector

The UK has yet to develop any specific changes to fiscal policy for the exclusive
benefit of EOR field investments but has made incremental changes over the past
decade to encourage general oil field development activity.  

Fields approved for development after 1993 are no longer subject to the Petroleum
Revenue Tax in order to encourage the development of the smaller oil fields
remaining in the UK sector.  This reduced the effective tax rate for these fields after
all depreciation allowances had been taken to 30% from the previous level of 65%.

In 2002 the Chancellor also announced the complete abolition of any Royalty
payments—previously 12.5% of the oil sales price from fields approved for
development prior to 1985—and increased the allowance for depreciation of capital
equipment from 25% per year to 100% per year.  Both changes were implemented to
encourage field-life extensions in older fields including EOR / IOR prospects, while
also improving the economics of new small field developments.  However, the
Chancellor at that time also levied an additional 10% tax on corporate income from
UK oil fields increasing the effective tax rate for pre-1993 fields from 65% to 70%
and for post-1993 from 30% to 40%.

The combined effect for incremental development projects in older fields was a small
net gain while the share of government take from higher oil prices was significantly
boosted from all projects.

In the 2003 Energy White Paper (DTI, 2003) the UK Government specifically has
called for a review of carbon capture and storage (CCS) prospects and more
specifically called for a feasibility study of CO2-EOR prospects.  The Department of
Trade and Industry (DTI) is responsible for this study and has been soliciting
responses to questions regarding what are the barriers to implementing CCS and
EOR prospects throughout the energy industry.  They have been told by the oil
industry that the economics of EOR right now are not appealing, but if the
government were to put in place fiscal mechanisms to improve the economics, the
industry knows what needs to be done to use CO2 for EOR on the UKCS18.

                                                
18   An overview of UK activities is available at the DTI web page “Review into the feasibility of CO2
Capture and Storage in the UK” (See http://www.dti.gov.uk/energy/coal/cfft/co2capture/index.shtml ).
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6.2.3 Proposed Revisions to the Norwegian Offshore Tax Code

The Norwegian Confederation of Oil Companies (OLF) as part of the KonKraft
initiative recently presented the finding of the Torvund Tax Committee to the
government19.  Although much of their emphasis was placed on incentives for
developing new (but smaller) fields through reduction in the Norwegian ‘Special
Tax’ from 50% to 25%, there were also suggestions for stimulating ‘tail-end’
production in existing fields.

Specifically the committee have suggested a ‘volume allowance’ (on incremental oil)
representing a tax rebate of NOK 15 /bbl (equivalent to $2.15 /bbl).  For CO2-EOR
projects this mechanism is of particular interest because it could permit early CO2-
floods to be initiated without having to consider the on-going process regarding
recognition of CO2-sequestration and CO2-credit valuation in order to attain a
satisfactory economic basis for the CO2-EOR project.

It is still not certain how much of an impact the proposed allowance would have on
the Gullfaks CO2-EOR project, but we suggested that the implications of a possible
‘volume allowance’ should be evaluated further and specifically quantified within
the next phase of the project.  See also preliminary discussion in Section 7.5.

                                                
19  A summary in English is available online from http://www.olf.no/?15540.pdf 
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6.3 PERSPECTIVE ON ROLE OF GOVERNMENT

The Norwegian government has several roles to play in connection with CO2-EOR
projects in general on the NCS:

• Ensuring optimal resource utilisation in the Norwegian oil and natural
gas sector.

• Achieving the Norwegian Kyoto targets for greenhouse gas mitigation.

• In taking the lead with respect to laying the ground rules for co-operation
between countries involved with Norway as CO2-sources for Gullfaks as a
possible first project, but also in a more general way for later CO2-EOR
projects.

• Normalising and clarifying tax and other incentives needed to stimulate
investment in CO2-reduction and EOR infrastructure.

In addition there are other positive benefits to the Norwegian society and to the
government.  Examples of these could be:

• Establishment of a first CO2-infrastructure will motivate other operators
to implement CO2-EOR.

• A first CO2-EOR project in the North Sea will have a significant global
signal value with respect to how oil and gas production may develop in a
future climate-change constrained world.

• A first CO2-EOR project of this kind (offshore, high volume, possibly
involving CO2-ships etc.) can in the medium to longer run be highly
beneficial for Norwegian manufacturing supply industry, ship owners and
oil companies both nationally and on the international scene.

• CO2-EOR projects on the NCS will make CO2 a valuable product that
will greatly assist in making Norwegian CO2-capture projects feasible (gas
fired power plants and existing sources).  The economic value of CO2 for
EOR is not, however, by itself sufficient to make this happen.

It is believed that even a first CO2-EOR project in the Gullfaks field, with all its
investments in infrastructure having a significant longer life than Gullfaks CO2-
EOR, will turn out to be economically valuable to the Norwegian society.  Later
projects, not yet clearly identified, will be able to take advantage of the first CO2-
infrastructure and therefore ought to be easier to realise.

See next Section for an economic discussion which also involves government issues.
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7. ECONOMIC ANALYSIS

The CENS partners developed the CENS Economic Model (CEM) to evaluate the
capture, transport and field use of CO2 for EOR within multiple scenarios.  Using the
CEM as a base, the CENS partners developed the CO2-Capture and Transportation
Model (CCTM) for Gullfaks, to cover the alternate capture and transport methods
considered in this report including pipeline, ship and a combination of ship and
pipeline.  These transportation means were used to consider new sources of CO2 and
match them up with the potential demands within the Tampen region.

7.1 THE CENS ECONOMIC MODEL

The original CEM was developed to look at multiple coal-fired sources of CO2
around the North Sea, and build scenarios covering use of the CO2 for EOR in
twelve specific fields, including Gullfaks.  The model evaluated various sources,
pipeline links and oilfields as separate projects and tested common and dissimilar
economic parameters for the whole CO2-supply and EOR chain.  The CEM also was
used to test significance factors and evaluate possible mechanisms including fiscal
changes within the oil region that may encourage tertiary recovery prospects for the
use of CO2 for EOR.  The CEM, as originally developed, was designed for a period
of 25 years and included many parameters and tests beyond the scope of the CCTM.

For the Tampen project, the CCTM was developed to consider additional
concentrated sources of CO2 from ammonia, hydrogen and natural gas production
facilities, as well as two of the Elsam coal-fired power plants in Western Denmark.
The CCTM was designed to look at a set of scenarios that would provide 5.0 - 5.5
mtCO2/yr to Gullfaks, and another case of providing 10 mtCO2/yr to the Tampen
and adjacent region.

Furthermore, one aspect of the CEM included and updated for new information was
the impact of the fiscal change being proposed by the Norwegian KonKraft initiative
of the OLF to the government as an inducement for implementing tertiary recovery
projects, especially ones using CO2 (see section 6.2.3 however specific results are
not included in the CO2-Supply Report, but may be made available later following a
more detailed analysis of the proposed mechanism).

Each separate sub-project had a cash flow model built that took into account
CAPEX, OPEX and maintenance costs.  The individual models considered the
sources of income for the owners of the sub-projects in the form of revenues from the
sale of CO2, the transport of CO2 or the incremental oil that might be derived from
the use of CO2 for EOR..
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7.2 THE SHIP TRANSPORTATION MODEL

Integrated into the CCTM were the results of the ship model constructed by Marintek
together with the CAPEX, OPEX and maintenance costs (including harbour
facilities) provided by the PI Report needed to capture the pure sources of CO2 from
the ammonia, hydrogen and natural gas production facilities.

In the CCTM, parameters for the oil field models include oil recovery factors,
incremental production (bbl/tCO2), costs for pumping, compression, CO2-
reprocessing, decommissioning, together with tax rates, depreciation terms and oil
price.  Parameters for the CO2-sources included capture, dehydration, compression
and liquefaction costs as well as storage and handling facilities.  The shipping
operations included chartering vessels, fuel and operating costs, port charges,
distances travelled, trip duration and tonnes delivered.  The pipeline models
considered distances, pipe diameters, maximum flows and requirement for additional
compression.

As requested by Gullfaks / Tampen-2020, the models were run so that pre-tax net
present values (NPV) of cash flows were set at zero using 7% as the discount factor.
Therefore, CO2-tariff rates through the different components of the CO2-supply
chain were adjusted to provide a zero NPV or 7% IRR for each segment of the chain.
These rates were achieved without escalating costs or income.  Rates between 9-
9.5% were achieved when an escalation rate of 2.3% was applied.
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7.3 SHIP TRANSPORTATION ECONOMICS

In the CCTM model, the shipping operations included chartering vessels, fuel and
operating costs, port charges, distances travelled, trip duration and tonnes delivered.
The pipeline models considered distances, pipe diameters, maximum flows and
boosting compression (see more detailed description in sections 7.1 and 7.2).

7.3.1 Investments in a CO2-chain of 1 mtCO2/yr

Both Project Invest (PI) and the STP (STP/ Navion, 2003) have estimated costs for
liquefaction / condensation, intermediate storage and loading facilities for pure CO2
before export by ship.

Fig. 36:  Overview of all the elements that comprise a “floating pipeline” CO2-ship value chain
(STP/ Navion, 2003).

The estimates differ substantially.  The PI estimate in general being the higher one,
see table below.  The summary table is arrived at by going through individual cost
elements in each report and then grouping the elements in overall process chain
parts.  For the ship investment see section 7.4.5.
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A third estimate for CO2-liquefaction and storage has been made available to Statoil
by Air Liquide under a confidentiality clause.  It is therefore not part of this present
comparison.

Part of process chain
Project Invest

(MNOK)
Ship Transp. Project

(MNOK)

Liquefaction/condensation 355 297

Storage at site 392 159

Loading facilities 35 42

SUM 782 498

PI used a factor estimation method (experience based factors ensuring all relevant
cost elements are taken into account) for projects in an early phase.  STP collected
cost figures by contacting suppliers etc.  It should also be noted that PI base their
estimate on a visit to a real site and combine this with intimate knowledge of the
required process (using personnel having recent experience with CO2 from Hydro
Agri).

PI assumes no or very limited use of skid mounted equipment, which could make it
possible to buy standardised trains of 800 tCO2/day.  Extensive use of skid-mounted
equipment would imply significantly lower engineering costs.  This possibility is
being investigated further.  Both estimates are based on a 1.0 mtCO2/yr case.

7.3.2 Liquefaction / Condensation

The sources produce CO2 in a gaseous phase at near atmospheric conditions, it
therefore needs to be condensed and pressurised before storage and transportation.
For the CO2-Supply Report the investment figure is linearly scaled in order to handle
other amounts than 1 mtCO2/yr.

PI presents a strong case for the use of ammonia cooling for sites relying to a large
extent on air cooling and cooling towers.  STP has chosen water-cooling, basing its
estimates on sites with access to direct sea water cooling.  This concept makes it
possible to use CO2 as the cooling medium, reducing the number of compressors
from two to one, and therefore explains part of the difference in cost estimates.

7.3.3 Storage

At the various shipping sites steel tanks of 3,000 Sm3 size are used.  The tanks are 68
metres long.  PI calculated storage tank strength and used steel price to arrive at their
cost estimate.  STP have based their estimate on information directly from suppliers,
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with the reservation mentioned under the general comments.  The STP estimate may
appear to be on the lower side while the PI estimate according to their own oral
comments may be somewhat on the higher side.  A large cavern at Kårstø is
estimated to cost NOK 6,000 /Sm3, (see also discussion in section 5.4 regarding
storage together with Attachments-(VI) and (VII)).

7.3.4 Loading Facilities

The PI Report does not include cost of loading equipment.  The reason for this is that
PI believes that CO2 loading can take place by the use of flexible pipes and that
loading arms are not necessary.  If loading arms are needed they have estimated the
cost per loading arm as indicated in table.  STP has also considered how to load CO2
on to a ship at the quayside.  They conclude that for safety reasons and to reduce
maintenance, loading arms would be the preferred solution.

7.3.5 Comparison Between PI and STP Estimates

The PI team have a long and relevant experience from the Hydro Agri CO2-business,
and for the purpose of the present economic analysis their more conservative
estimates for liquefaction / condensation and storage have been used.  Similarly for
‘loading facilities’ the STP estimate is the most conservative and it has therefore
been used.

The chosen cost estimate for a 1.0 mt/yr CO2-liquefaction plant (where CO2-capture
is not needed, but including quayside facilities) is therefore for the purpose of this
CO2-Supply Report considered to be 789 MNOK.
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7.4 OTHER COSTS

7.4.1 Site and Real Estate

According to the CO2 ship project, the space required for condensation and storage
is about 200 × 400 meters.  For this space, Elsam quotes a land rental at Esbjerg of
DKK 1,6 million per year (equivalent to $250,000 /yr).

As a rule of thumb, Antwerp (BASF) quotes a site cost including services of €11-12
/m2 /yr.  This is equivalent to $960,000 /yr.

The land rental for Brunsbüttel and Rotterdam were set at $500,000 /yr.  The Land
rental for Kårstø and Melkøya were set at $250,000 USD /yr.

7.4.2 CO2-Acquisition and CO2-Credits

For the gathering of pure CO2 from industrial plants and facilities, it has been
assumed that the CO2 will be available free of charge.  Therefore, conservatively not
including a possible revenue from CO2-credits at this stage.  The effect that CO2-
credits will have on the price mechanism will be investigated as a possible upside in
the next phase.

7.4.3 Port Fees

Since the CO2 ship has not been constructed yet it was not feasible to get an accurate
number for the port fees.  Navigator Mars, a gas carrier of 22,300 Sm3, was therefore
used as a reference ship to calculate port fees.  Information on port fees was gathered
from the various ports in question, (see Attachment).

Elsam uses DKK 1.6 million as an annual fee for land rental.  As a rule of thumb,
their port fee for coal is charged by twice the amount of the annual land cost.  There
is a large gap between the tax given by the port (DKK 11.85 /ton, a total of DKK
23.7 million) and the Elsam quote of DKK 3.2 million.

For the CO2-Supply Report the highest fee for Esbjerg will be used, but this fee
could be reduced later pending negotiations with the port authorities.

7.4.4 Operating Costs

The annual estimate by STP is 40 MNOK for condensation, 1 MNOK for storage,
and 2 MNOK for loading equipment.  STP has assumed that the price of electricity is
NOK 0.2 /kWh.

PI estimates an annual operational cost of $12 million, twice the amount compared to
STP.  The price of electricity for the CO2- and cooling-compressors gives rise to
about 60% of the operating costs in the PI estimate.  The electricity price
mechanisms in Belgium, The Netherlands and Germany for large customers are not
transparent today, but is expected to become more open by the time the liquefaction
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plants come on-stream in 2007 – 08.  For the purpose of this study the PI estimate of
close to NOK 0.3 /kWh for large customers has been used in the economic analysis.

7.4.5 Time Charter Costs

The CO2 ship will be operated by a shipping company and hired on a full-time basis.
The Time Charter rent (abbreviated T/C) is the fee that the CO2-supply company (or
Statoil) will have to pay for the ship independent of usage.

The T/C rate is calculated on basis of the construction and operating (excluding fuel)
cost of the ship, and we have assumed that the shipping company would charge a
10% interest rate and that the ship would have 35% residual value after 10 years.
The construction cost of the terminal ship (no offshore unloading) is set to $52
million based on data from several ship builders.  This is in the order of 40% above
the cost of semi-cooled gas tankers being built today..  The T/C rate also includes all
other expenses on the daily operation of the ship (excluding the fuel).

Based on the above, the daily T/C day-rate has been calculated to $29,250.

7.4.6 Fuel

The CO2 ship has a daily heavy oil consumption of 35 tons when at sea.  The
consumption at port is 1 ton diesel oil per day.  The consumption during unloading is
3 tons diesel oil per day.  The price of heavy fuel oil is $160 /ton and diesel oil $250
/ton.
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7.5 THE GULLFAKS PROJECT

The inputs for the four different scenarios evaluated are tabulated in separate
Attachment, as is a summary table of the results for the four scenarios presented.
The costs reported in the shipping section above, and those of the INTEC Report (see
Attachment-(III)) formed the basis for the analysis.  These are summarised as either
costs per tonne of CO2 delivered or capital costs for required installations.

The CCTM was then used to evaluate the cash flow requirements, in the form of
delivered tariffs for CO2 that would enable the parties investing in such facilities to
earn a 7% pre-tax return.  In all cases, the CO2 was evaluated as being delivered to
GFB in order to have a common reference for comparison.  Therefore, the CO2
delivered by ship to Kårstø was then shipped on through a pipeline to Gullfaks and a
tariff was computed for this additional transfer.  On this basis the following numbers
were arrived as delivered cost for CO2 at GFB:

                      SCENARIO                                                                           $/tCO2

Scenario-1 (A) CO2 from Elsam’s coal-fired power plants

=> 5.0 mtCO2/yr by pipeline Esbjerg – GFB $38.96

Scenario-1 (B) CO2 by ship delivery to Kårstø from ARA,

Esbjerg, Brunsbüttel and Melkøya 

=> 5.5 mtCO2/yr by pipeline Kårstø – GFB $46.40

Scenario-1 (C) CO2 gathered and commingled at Esbjerg hub

=> 5.5 mtCO2/yr by pipeline Esbjerg – GFB $47.66

Scenario-2 CO2 gathered and commingled at Esbjerg hub.

=> 10.0 mtCO2/yr by pipeline Esbjerg – GFB $32.32

An additional data point for comparison to past estimations of CO2-delivery is the
cost of 5.5 mtCO2/yr by ship to Kårstø.  This is in the CCTM estimated to be $39.54
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/tCO2, but then still requires the appropriate tariff for pipeline20 as the pipeline
Kårstø – GFB (as included above) for comparable comparison.

Also included as an alternative to Kårstø in Scenario-1 (B) is ship delivery to
Mongstad.  While the ship transportation distances are greater, the shorter pipe
makes a significant difference of $2.11 /tCO2 with a delivered costs of $44.29
/tCO2.  For an overview of the ship logistics and additional ship scenarios (some not
covered in the present economic analysis) see also Attachment-(IV).

In all these cases CO2 obtained from Elsam in Denmark is purchased at a cost
sufficient to offset the investment they will be making, and the operating costs
associated with running a CO2-capture plant.  For the Scenarios labelled 1(A), (B) or
(C), the costs for Elsam CO2 at their boundary21 at 105 bara pressure is $25 /tCO2.
To allow for certain economy of project scale, the CO2 delivered from coal-fired
power plants in Scenario-2 has been charged at $23 /tCO2, however this is only a
tentative estimate and will be subject to prevailing commercial conditions throughout
the projected lifetime of the CO2-capture plant.

The difference in contract term also affects the required tariffs for the other segments
of the supply chain to Gullfaks and is the main reason for the significant reduction in
the delivered price for CO2 in Scenario-2.

For a detailed breakdown of costs within Scenarios-1 and 2 see Attachment-(VIII).

Finally, the original CEM with its generic field economic parameters, was used to
look at the impact upon Gullfaks of a modified fiscal policy as proposed by the OLF
to the OED.  The proposed mechanism to encourage EOR activities takes the form of
a post-tax ‘volume allowance’ for every barrel of incremental oil produced by an
EOR project.  The proposed allowance is approximately $2.15 /bbl.  This helps

                                                
20 Statoil is also conducting separate cost estimation for all pipelines, including pipeline segments
starting on the western coast of Norway.  These will be finished later according to the schedule of the
Gullfaks / Tampen BGI project and are therefore not reported here.
21  Elsam battery limit encompassing the $25 /tCO2 price was originally specified for 140 bara at the
plant perimeter fence.  Subsequently the INTEC Report (INTEC, 2003) has suggested that initial
compression at the perimeter fence need only be to 105 bara (to facilitate permitting).  The offshore
pipeline configuration (starting at the booster station on the coast) assumes a pressure of 230 – 280
bara (for Scenario-2 and 1 respectively).  The difference between these two battery limits is therefore
an approximate 25 km overland pipeline from Esbjergværket to the coast landing point, together with
recompression from 105 bara up to 230 – 280 bara.  Furthermore for Scenario-1 (C) which combines
ship transportation to Esbjerg, with CO2 from the coal-fired power plants, there will need to be CO2-
compression from the ship at 8 bara up to 105 bara before commingling with the CO2 stream from the
CO2-capture plant.  Details regarding these differences will be clarified in more detail during the next
phase of the project.  For the time being they are handled in the economic analysis by conservatively
assuming an additional transportation cost of $1.10 /tCO2 delivered at GFB.
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change the overall cash flow significantly so that oil field operators would have the
allowance as a production margin even when oil prices are low and the high cost of
tertiary recovery would not normally justify a project.  At the same time the
government retains its claim through the Special and Corporate tax rates of 78% on
all upside realised from increases in oil price.  This mechanism therefore protects the
operator from low market price risks so that the investment is more practical, while
the government benefits with the significant incremental tax revenue realised from
oil produced through EOR activity, that would otherwise not have been produced.

In this economic evaluation of Gullfaks based on the assumptions built into the
original CEM, the after-tax return for the project is 10% greater than the before tax
return at oil prices of $17.50 /bbl.  This is compared to a nearly 50% reduction in
return for the case without the ‘volume allowance’.  At approximately $18.75 /bbl,
the returns are both increasing and nearly equal and above that price for oil, the
government’s 78% tax take slows the increase in return as compared to the pre-tax
case but still allows for improvement in the return.

Without talking about absolute numbers for return here, it is important to realise that
the government is looking for mechanisms to encourage investments in EOR
projects.  The OLF’s proposed volume allowance is the best mechanism the CENS
team has evaluated for protecting the operator from the downside market price risk
while retaining for the government the significant benefits to be realised from both
incremental oil production and market price increases.  This mechanism should be
evaluated further in the next phase of the project.
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8. AN ASSESSMENT OF PROJECT RISK

With the initial estimate of CO2 demand from Gullfaks of 10 years, an obvious
obstacle is the short lifetime of installations related to the CO2 chain22. It is however
no doubt that most installations will have a possible secondary use if CO2 delivery
cease after 10 years.

• CO2-pipelines:  Can be used for transport of other fluids such as natural
gas or possibly oil.  Furthermore these can be used to transport CO2 for
purely sequestration purposes to same or nearby storage locations.

• CO2-ships:  Can be used for transport of all kinds of LPG and other
condensable gases.  Residual valuation can be estimated based on market
values for LPG ships.  A 10-year old ship will have a value 40-50% of new-
building price.  Ships less than 5 years will have a value close to 100% of
new-build.

• CO2-storage:  Can be used for gas and oil product storage, hereunder
propane, butane etc.  Storage tanks can be moved to new sites and / or be
sold.

• CO2-cooling and liquefaction:  These installations are not suitable for
other types of application.  However, some units like compressors might be
reused on other sites.

• CO2-capture:  These installations are not suitable for other types of
application.

8.1 REGULARITY OF CO2-SUPPLY SYSTEM

Regularity data will be supplied to the Gullfaks / Tampen Project for incorporation
into their overall report at the level deemed necessary by the Gullfaks team.

Part of the information has already been supplied directly.

8.2 ENVIRONMENTAL IMPACT AND LIFE-CYCLE CONSIDERATIONS

Environmental impact and life cycle data will be supplied to the Gullfaks / Tampen
Project for incorporation into their overall report at the level deemed necessary by
the Gullfaks team.  Experience from the Snøhvit project will also be included here
(Engebretsen et al., 2002).

                                                
22  Based on US experience, it is highly likely that most CO2-floods—especially on fields of this
size—will have a longer life expectation than 10 years.



ELSAM A/S – KINDER MORGAN CO2 COMPANY L.P. – NEW ENERGY / STATOIL ASA

- 86 -

9. TECHNOLOGY ASSESSMENT STUDY

{An assessment of technology maturity of the entire CO2-chain will be forthcoming
in the later Gullfaks / Tampen BOK Report with input from the project team of this
CO2-Supply Report.}

This section discusses issues related technology assessment and qualification for
CO2-capture, transport and handling.  All project development work in Statoil is
guided by Statoil internal governing documents.  On the technology side the
governing document WR1622 “Technology qualification” provides a systematic
approach to identify the need for new technology as well as qualifying new
technology as an integrated part of the concept development.  Technology
assessment and qualification needs are different depending on the categorisation of
the project:

Category 1: Concepts not depending on new technology

Category 2: Concepts depending on new technology

This project being a Category 2 project, the BoK level requirements are:

• technology assessment

• a technology development programme (TQP)

For the purpose of this document only a technology assessment has been made.
Further project development up to BoK will also include a TQP.

The degree of new technology (“step out”) varies and correspondingly the risk and
required qualification work.  The technology assessment will therefore function as an
input to the development of the TQP.
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Technology requiring qualification is classified as category 2, 3 or 4 according to the
definitions below.

1. No new technical uncertainties

2. New technical uncertainties

3. New technical challenges

4. Demanding new technical challenges

TechnologyApplication
Area Proven Limited field history New or unproven

Known 1 2 3

Unknown 2 3 4

Source: DNV RP-203

The definitions used to identify if technology is proven or new are:

• Proven technology Technology that has a documented track record
for a defined environment, operating window and fluid with respect to the
ability of the technology to meet the specified requirements.  In general a
technology shall have a successful or acceptable track record from Statoil’s
portfolio to be classified as proven.

• New technology Technology that is not proven according to the
definition above. This implies that the first application of proven technology
in a new environment or an unproven technology in a known environment,
are both by definition new technology

NOTE: Technology, which does not have a track record within Statoil, can be
classified as proven, provided sufficient data and evidence can be collected from
other operators.

The assessment shall typically contain:

• Evaluation of all technology elements of the concept.

• Summary of all technology elements that represents a “step out”
according to the definition of new technology.
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9.1 TECHNOLOGICAL ASSESSMENT OVERVIEW

The main elements of the CO2 value chain are the following:

• CO2-capture and liquefaction (from “pure” sources, natural gas or coal
power flue gas)

• CO2-storage (vessel or cavern)

• CO2-transport (pipeline or ship)

An assessment of the different elements through classification and remarks is given
in the table below:

Area Item Classification Remarks

Subsea pipeline 2 Reference made to the Snøhvit
project.

Onshore pipeline 2 Well known in the US and
Canada (KMCO2).

CO2-pumping 3 Very high pressure (>280 bar)
which is non-referenced.

CO2-liquefaction 2/3 Proven technology (NH3 as
refrigerant), non-referenced
size.

CO2-metering 2 Reference made to the Snøhvit
project and existing CO2
pipeline infrastructure in the
United States.

Pigging of
pipeline

3 Reference made to the Snøhvit
project and existing CO2
pipeline infrastructure in the
United States.

CO2-
Transport

Ship transport 2/3 Proven technology, non-
referenced size (10-fold
referenced size).
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Area Item Classification Remarks

Vessel storage 2 Proven technology, non-
referenced size.

Cavern storage 4 Extension of propane cavern
technology (higher storage
pressure, cavern topside issues
regarding maintenance).

CO2-
Storage

CO2 transfer
from ship to
storage

2 Proven technology.

Coal-fired
power plant flue
gas

3 Supplier TQP needed – non-
referenced size.

Gas-fired power
plant flue gas

3 Supplier TQP needed – non-
referenced size

CO2-
Capture

From “pure”
CO2 sources

N/A No cleaning other than drying
necessary.

Statoil has during the Snøhvit project undergone detailed technology qualification for
the whole CO2 chain from source to sink.  The Snøhvit project, which is currently
under construction, consists of the following elements of the CO2 chain:

• CO2-removal from natural gas

• CO2-drying and compression

• CO2-liquefaction

• CO2-pumping

• CO2-injection (subsea)

It will, during the establishing of a TQP for CO2-injection at Gullfaks, be used
results from the Snøhvit project TQP.  These results can probably provide proof for
many technology uncertainties that are identified in this CO2-Supply Report.
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10. MACROECONOMIC IMPLICATIONS OF CO2 FOR EOR

10.1 MACROECONOMIC IMPLICATIONS REGARDING CO2-EOR PROJECTS

The CENS Project has previously evaluated societal benefits of CO2 for EOR and
published a number of these results at recent conferences.  The main thrust of our
work has shown:

1. CO2-EOR using anthropogenic CO2 is more costly than the use of
naturally occurring CO2 as found in the US.

2. Fiscal tax policies regarding oil extraction in the North Sea are less
favourable to those found in the US and there are no special incentives for
EOR activities.

3. The use of CO2-EOR may produce 6-15% of the original oil in place
(OOIP) and therefore could produce 10-30% more oil from a chosen field.

4. CO2-EOR will mean jobs on the platforms will be retained longer, jobs
from CO2 capture facilities will be created and the government’s costs for
platform decommissioning will be further delayed. 

5. Each field has a window of opportunity to implement CO2-EOR near the
end of the secondary water flood and before decommissioning.  If not
implemented at this time it will be too costly in the North Sea to re-
commission a field and the target oil will be too small.

6. Oil produced by CO2-EOR will not be produced using conventional
primary and secondary methods of extraction and therefore the oil and its
associated economic benefits will be lost if CO2-EOR is not implemented.

7. There is sufficient revenue from the oil sales to justify the expense of
CO2-EOR but it may require a readjustment of fiscal policy with respect to
oil field taxation.

8. There need to be economic mechanisms to either value the CO2
sequestered in a geologic structures and / or increase the value of oil
produced from CO2-EOR.

9. Values for sequestered CO2 may be realised in the implementation of the
upcoming European CO2 Credit Trading System, but sequestering CO2
must first be accepted as a reduction technique in the Kyoto system and this
will not happen until after the UNFCCC - IPCC Report on Carbon Capture
and Storage is completed in early to mid-2005.

10. The Norwegian OLF has proposed a number of changes to tax policy
including a potential volume allowance mechanism for oil produced from
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EOR activities.  The allowance contemplated is approximately $2.15 /bbl as
a tax credit against Special Tax payments.  This mechanism provides a fixed
production margin to offset the increased costs of EOR production,
protecting the oil field operator who makes the significant investments
associated with EOR activities while retaining for the government the 78%
upside of any oil price increases.

11. Mechanisms such as the volume allowance can be implemented today
and encourage the use of CO2-EOR and realise the societal benefits of EOR
as early as possible while issues regarding CO2 credit trading are worked
out.  Values realised from CO2 credit trading should reduce the overall costs
of delivered CO2 thereby further enhancing the value of oil produced by
CO2-EOR for both the operator and government.

Certain oil field operators have sufficient life left in their fields to more attractively
benefit from CO2-EOR and Gullfaks may be one of those fields.  However, the
implementation of a major CO2 capture and transportation system for the use of
EOR will require significant evaluation, planning, engineering, construction and
commissioning.  To begin these activities, it may be necessary for a wider number of
fields to participate and to do so may need further incentives to encourage the
beginning of these activities.  The proposed volume allowance again is such an
incentive and may be just the idea to significantly kick off the real CO2-EOR
activity.
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10.2 GHG-EMISSIONS, CO2-STORAGE AND NATIONAL KYOTO COMMITMENT

Several countries are potentially involved in the supply side for CO2 to Gullfaks.  At
the present time Denmark, Norway, Germany, The Netherlands, Belgium and
possibly UK are seen as potential suppliers.

On the CO2-storage side with Gullfaks as a possible North Sea front runner for the
combined CO2-EOR & Storage combination, Norway will be the first country.  Later
CO2-EOR & Storage projects may be either on the Norwegian or the UK continental
shelf as both countries have oil fields of the right history and maturity.

All of the above countries, most likely also including Norway as a European
Economic Area (EEA) country, have their Kyoto commitments.  The ratification of
the Kyoto protocol is dependent on Russia, but may happen in 2004.  If the Kyoto
ratification does not happen, it is widely believed that the EU (and Norway) will act
as if the protocol has been ratified.
Fig. 37:  Historical development from 1990 together with CO2 target and prognosis for
development through to 2010 in Norway, Denmark, the Netherlands and the United Kingdom.
Norway is currently 21% above its target, Denmarke looks as though it may achieve its target, the
Netherlands is 11% above and the UK is about 7% above.  (Source: Grid Arendal).
- 92 -
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11. OVERVIEW OF PLAN FOR NEXT PHASE

A detailed plan describing next phase work for the Gullfaks CO2-EOR project will
be forthcoming in the Gullfaks / Tampen BOK Report. 
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Fig. 38:  A Provisional Draft of Gullfaks CO2-EOR project indicating start of next phase (BoK or
DG1) on December 15th, 2003 and the next phase after that (BoV or DG2) mid-summer 2004.
Financial decision to go ahead is in this draft plan shown to be in 1Q, 2005 with start of CO2-
deliveries and injection by Jan 2008.

http://www.dti.gov.uk/energy/coal/cfft/co2capture/mission.pdf
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The CO2-supply and logistics work programme will to a large part be dependent on
following:

• The overall plan for Gullfaks CO2 which will be worked on by Statoil’s
Gullfaks project team during October and November 2003 (an early draft
seen in Fig.38 above).

• The results of the screening of scenarios (with regard to economics,
technology and other factors) both for Gullfaks and for CO2-sources and –
logistics need maturing and digestion.

• The CO2-sourcing and logistics work plan will therefore be in parallel
with the Statoil Gullfaks team during the months of October and November,
2003.
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13. LIST OF ATTACHMENTS

The following section catalogues the attachments to this CO2-Supply Report together
with a brief description of each:

 (I) “CENS-Schedule.doc” – Single page showing time schedule for Elsam’s
CO2-capture plant and the offshore pipeline project starting Jan 2004 and
completed during the first quarter 2008.

 (II) “2003-PI_Report.doc” – Complete copy of the Project Invest Report
covering comparatively pure CO2 sources in North Europe.

 (III) “2003-INTEC_Report.doc” – Complete copy of the INTEC pipeline
study (INTEC, 2003) commissioned by CENS partners and completed Sept
2003 as part of evaluations for the present CO2-Supply Report.

 (IV) “CO2-Ship_Cases.doc” – Overview of additional ship sub-scenarios.
(NB. The numbering scheme is here different from that used in the CO2-
Supply Report.)

 (V) “Skipsprosjektet.doc” – Complete copy of the STP/ Navion CO2-ship
transportation study report (in Norwegian).

 (VI) “CO2-Transportlager_Kårstø.doc” – Complete overview of CO2-storage
at the Kårstø hub (in Norwegian).

 (VII) “CO2-Cavern_Topside.doc” – Detailed description of the topside study
by Orkla Engineering AS.

 (VIII) “CCTM-Economic_Overview.doc” – Additional overview of cost
breakdown for Scenarios-1 and 2 as presented in section 7.5.
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