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Scope of the

SP3 work focuses on infrastruc
— DYNAMIS CO, quality reco
— Routing and costing of CO
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CO, quality recomm

Compound | Concentration limit Remarks
H,S 200 ppm Health an
CO 2000 ppm Health an
SO, 100 ppm Health and safety considerations
NO, 100 ppm Health and safety considerations
H,O 500 ppm Technical limit
o, Aquifer <4 vol% (all non Technical limit; storage issue

cond. gases), EOR >100 ppm
CH, Aquifer < 4 vol%, EOR <2 Like ENCAP

vol% (all non cond. gases)
N,, Ar, H, <4 vol% (all non cond. Like ENCAP

gases)
CO, > 95% Result of other compounds in CO,

H .
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Experience with C

« Experience with the transportation of CO, in
— Ca. 3100 km CO, pipelines using naturally oc
— With a capacity of 44 Mt/yr

 But CCS projects differ, because:

— The CO, is from anthropogenic origin, the quality of the CO, differs
— Both long distance onshore and offshore pipelines

« Gas and oll pipelines estimates give good indications of CO,, pipeline costs

— With the remark that CO, pipeline costs can be higher due to higher operating
pressures and thicker pipeline walls

Dynarils B
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Presenter
Presentation Notes
Are there no major differences between NG pipelines and CO2 pipelines. For instance the need for concrete to keep the pipes offshore from flooding

Better control of pressure, as 

Today, there exist about 3500 miles of CO2 pipelines in North America that transport CO2 to EOR sinks that were built on the back of oil revenues. Though originally built for underground sources of CO2, today, these CO2 pipelines carry both underground and vent stack sourced CO2. We estimate that an additional 2000 miles of anthropogenic (man made) CO2 pipelines could be developed over the next 5 to 7 years in the US by providing $10 per metric tonne incentives, so long as crude oil values stay at or near their current levels. Derived from: (Bluesource, 2007) On April 26th, 2007, CEO Bill Townsend


CO, and transport c

CO, characteristics:
— Dense phase -> to increase density
— Recommended CO, purity -> >95%

Pipeline transport characteristics:
— Continuous flow
— Cheaper at shorter distances (compared to ship)

Possible (re)use of existing pipelines

mnamvlisilUi - & 24
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Presentation Notes
OCAP pipeline: meant for oil transport and is now being used for low-pressure gaseous CO2 transport to greenhouses. Will be upgraded for higher pressure liquid CO2 transport, from Rotterdam to Amsterdam.


OCAP pipe

e Currently: o~
— 44 kgls __
— Gaseous, at 22 bars Lo Al

— No (additional) permits
required

— Risk assessment performed

o Suitable for higher pressures
(after some limited o,
modifications)
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Presentation Notes
- Since 2005, OCAP (a joint venture of Linde Gas and VolkerWessels) has

provided industrial CO2 to greenhouses in the Westland.

- The maximum transport capacity of the existing OCAP pipeline is 5 Mton CO2 per year.

- Making more transport capacity available can be done by relining the existing pipeline: it involves making the existing OCAP pipeline appropriate for much

higher pressure, for example by laying a new and smaller pipeline in the

old pipeline that can handle the pressure


Economics of pi

e Costs depend on the length and size
conditions and number and complexi
of the CO, and level of impurity, steel

e Cost shares for US land pipelines with diameter between
0.21m and 0.91m are:

e |nstallation / labour:
e Material;
e Miscellaneous :

e Permits, Rights of way :

45%
26%
22%
7%
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Presenter
Presentation Notes
 Data are derived from the Oil & Gas Journal’s annual Pipeline Economics Report for the years 1991-2003

 Material cost include costs for pipeline, pipe coating, cathodic protection

 Permits, ROW: obtaining rights-of-way, damage costs

Miscellaneous cost include: surveys, engineering, supervision, interest, administration, overheads, contingencies, telecommunication equipment, freight, taxes, allowances for funds use during construction and regulatory filing fees (Piessens and Vanderginste, 2007). 


Economics of pl
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With increasing pipeline diameter the proportion of material costs
and miscellaneous cost increases, while the proportion of the other

components decreases
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Presenter
Presentation Notes
- For this graph cost data from 1991 to 2003 have been used – this means that cost data over the years for same sized pipelines are averaged.


Economics of pip

Historical pipeline investment co
given as:

e 0.6 - 1.0 M€/m/km for onshore
‘uncomplicated’ terrain excl. art

e« 1.0-2.0 ME€/m/km for offshore pipelines

Pipeline costs of existing CO, pipeline projects:

e Snghvit: 2.3 M€/m/km (subsea, arctic
circumstances)

« Weyburn: 0.5 M€/m/km (long distance, desert area)

In the last years pressure on the market showed
substantial increase in costs (material, labor)
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Presentation Notes
Expected question:

Why are the offshore cost that you base your cost calculations (2.7 M€/m/km) on even higher than the 2.3 M€/m/km for the Snohvit project?

	1.This figure reflects last years’ pressure on the market for steel 	and labour

	2. […]


Material ¢

Current practice: carbon steel for tra

For (very) short transportation dista
stainless steel might be economic

Steel prices: 255 |

— ‘stable’ in period ‘94 — ‘03 s |

— Increasing since 2003 o1 L

— Almost doubled in 4 £ .
years

— Steel prices currently 1 | : : : : | | |
decline Apr03  Jan04 Sep04 Jun05 Mar06 Dec06 Aug07 May08 Feb09

Source: WWWLCrUgroup.com

Source: www.cruspi.com
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Presenter
Presentation Notes
One of the cost aspects of pipelines we looked at is the material cost:

 Although steel prices are currently declining we have seen years of increasing steel prices.

 Since November 2008 steel prices are decreasing, because of declining demand from several industries (automotive, oil & gas)






Material ¢

» 2003 pipeline investment cost set to
» Steel prices increase according to pr
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Presentation Notes
 Also the labor cost, although not presented here, have been increasing over de past years due to labor shortages and higher rents of equipment

 Example: the rates for installation vessels increased with 150% over the years 2003 to 2007

 A typical reeling vessel for pipeline installation did cost about 90,000 Euro/day in 2004, while today’s rate is 150,000 to 170,000 Euro/day. 


Base constru

. Estimation of CO, transportation c
cost of

— 1.7 €/m/km for land pipelines and
— 2.7 €/m/km for sea pipelines

. Conservative estimates

Degaile B &
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Presentation Notes
These base construction cost will be changed according to the number of principal crossings and the terrain type for land pipelines and according to sea depth for sea pipelines.




Estimating CO, pi

Steps in calculating CO, transportation

1. Determination of alternative pipeline tr
— avoidance of urban areas
—  the possibility of following existing pipeline corridors
—  Make use of existing gas or oil terminals

2.  Collection of information on trajectory specific conditions such as:
—  # of principal crossings (river, roads)
—  # of km through residential area, cultivated area etc.
—  Sea depth

Dynarils B
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Example — case study

Candidate plant site Progressive Energy Ltd.:

Capture location: Lynemouth
Storage location: Piper field

2.5 Mt CO,ly
diameter pipeline 0.34 m

Length (km) Principal crossings (#) Sea Cost
Depth (m) | (€/tCO,)
Main Rail Waterway
roads

0

20 40 60 80

Kilometres

Legend

—— Offshore pipeline |
e Offshiore pipeline 11
e Offshiore pipeline 11
——— Cnshore pipeline |
——— Onshore Pipeline ||
B Gas Terminal

Offshore Hydrocarbon fields
- s

B

] Condensate

& Hydrocarbon field platform

(BGS, 2008)
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Presentation Notes
 An example of finding trajectories from the capture location of CO2 to the storage location of CO2

  Transportation cost of the two last trajectories are relatively high because of:

 large distance over land with high number of principal crossings

 high offshore distance



 When offshore storage of CO2 is considered the pipeline must make a crossing from the onshore to offshore area via a CO2 export terminal. The most logical sites for such CO2 export terminals will be at or close to existing landfall reception terminals for gas and oil pipelines arriving at the coast. Facilities and infrastructures can be shared and connection to the existing offshore pipeline network goes relatively easy (BERR, 2007). 

- If possible, make use of existing pipeline terminals and landfalls. It depends on the distance between capture location and existing landfalls whether the pipeline can be channeled through it. 


CO, transport

CO; transportation cost (€/tCOy)
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Presentation Notes
How do our estimates correspond to: The IEA estimate that 150 000km of pipeline will be needed in the EU. Total annual pipeline costs fall rapidly with scale from about $3.50 to $0.50/tCO2/100km for an increase in the mass flow rate from 1mtCO2/yr to 20mtCO2/yr (The Future of Coal, MIT).

 The high and low bound represent the maximum and minimum cost at a given distance that was calculated by any of the studies considered in the McCollum and Ogden (2006). The transport models that were compared came from the following studies: Ogden (2006), MIT 2003), Ecofys (2003), IEA GHG PH4/6 (2002), IEA GHG 2005/2 (2005), IEA GHG 2005/3 (2005), and Parker (2004).

The upper and lower bounds are based on studies from the years 2002 – 2006 and therefore do not include the latest development in pipeline cost. Furthermore, the transportation models in McCollum and Ogden (2006) refer to land based pipelines only, while the cost estimates of the candidate plant sites also may include offshore pipeline parts and therefore higher costs. For example, the two high cost values of candidate plant site B include relatively long offshore parts.




Conclusi

Main conclusions:

o Current pipeline cost are signific
the high estimates of other studie

o Used data suggest considerable spread of costs

« Sensitivity analysis suggests that up scaling of the
activities from 2.5 Mt CO,/year leads to large cost
reduction
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