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UPGRADED CALCULATOR FOR CO, PIPELINE SYSTEMS

Background

IEAGHG had a cost calculation computer program for CCS systems developed by
Woodhill Engineering' some years ago (ref report PH4-6). This enabled high level cost
estimates to be made of CO, capture and storage systems and was based on Excel. Within
this spreadsheet was a routine for calculating the cost of CO, trunk lines which was found
to have a sizing routine based on oversimplified pressure drop equations and averaged
physical properties of CO,. In 2006 a new model, based on another spreadsheet, was
developed for sizing and costing distributed CO, collection networks. This was done as
part of the two studies which were undertaken on distributed CO, capture and collection.
It was felt that the CO; trunk line sizing routine should be improved and that at the same
time the pipe network design program should be made available as part of the calculation
suite.

Study approach

A contract to develop and upgrade the original Woodhill program and the network
program was awarded to Gastec UK/AMEC who had already produced the new network
design program. After obtaining the original code from Woodhill-Frontier options were
examined and it was felt that as both programs were Excel based it would be simplest to
amalgamate them into one program using the original Woodhill interface where possible.
The possibility of adding a graphical map based interface for the distributed collection
network was investigated as an additional option but although possible the necessary
licence for commercial use was found to be too costly. It was on this basis that Gastec
UK/AMEC proceeded with the development of the upgraded calculator.

Results and Discussion

The contractor developed a new pressure drop calculation procedure for CO; trunk lines
segmenting the lines into 40 elements of equal length to account accurately for
compressible flow. Calculations are based on turbulent flow with the internal pipe
roughness of typical carbon steel line pipe. Tables of the physical properties of pure CO,
(Density and viscosity) are used as the basis for the calculations. The range of valid
temperatures and pressures covers from -50 to +75 °C and from 1 bara to maximum
1000bara pressure”. Intermediate values in the tables were obtained by interpolation.
Consideration was given to allowing different CO, purities but this was found to
seriously complicate the calculation as a full multi-component physical property routine
would have to be acquired and built in. Calculations are based on isothermal conditions
with no change in elevation.

" Now Woodhill Frontier following a take over
2 Below 0°C max pressure 700bara and below -25°C max pressure 300bar



Other additional features over the original calculator are a greater choice of terrain types
and the ability to set percentages of each type of terrain. It is also possible now to specify
the count of road/rail/river crossings which are then taken into account in the cost
estimate. The contractor also introduced routines to allow costs to be escalated using any
of the four main published industrial construction cost indices, the possibility to calculate
costs in different currencies default exchange rates which can be overidden. The ability to
adjust costs for different world regions using regional cost factors was retained and
extended to the other parts of the model.

Because of the intricacy of the original trunk line sizing routines which included sizing/
costing of gas and hydrogen lines the improved sizing/cost routine was added as an
option leaving choice of the old less accurate routine intact so that users could still make
comparisons with earlier estimates. The user can still use the system to cost complete
CCS systems but with the new CO; pipeline sizing and costing routine.

Alternatively users can select an option to size and cost CO; trunk lines individually
using a separate input sheet. When used in this mode graphical representations of
conditions along the pipeline are displayed. The routine calculates the requirements and
costs for booster compression or pumping as did the original model but also now includes
metering and block valve costs as well. Pipeline costs are based on statistical data from
pipeline projects collected by AMEC and are derived from lookup tables. The cost data
indicate that for smaller diameter lines there is little difference in total installed cost and
the table groups some diameters together. The model has been run on some typical CO2
pipelines varying diameter to change the number of pumping/compression stations
needed. The results are shown graphically in fig 1 and 2.
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Fig 1 Capital cost v capacity for a 100km supercritical CO, line



Calculated unit capital cost of CO2 pipelines
100km inlet 120bar outlet 80bar, no booster stations
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Fig2 Unit capital cost for a CO, line as function of diameter

The sizing routine was run with increasing flows which requires an increasing number of
booster pumping stations. The effective unit capital cost of the capacity was calculated
including operating costs discounted over 20 years. The results based on these costs from
the model for installing and operating such pumping stations showed that pumping was in
general a cheaper way of increasing capacity than installing larger lines. This is not a
surprising conclusion given that pumping power and pump costs are much less than
compression power and costs for gaseous systems. However although this analysis shows
lower cost it would be operationally much more burdensome. The results for several sizes
of line are shown in Fig 3 and 4 below.
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Figure 4 Variation of effective unit capacity costs with diameter and pump station distance

The last option now available is to design, size and cost low pressure distributed CO,
collection networks. This is a stand alone part of the suite which uses the network design
model developed by AMEC/Gastec-UK. Its main application is for the design of systems
to gather CO; from clusters of smaller industrial sources of CO,

Documentation for the calculator is in the form of the original built in help file plus a new
guidance document explaining the changes made and how the user can use the additional
features.

Expert reviewers comments

The calculator was checked internally and not subject to formal external review. It is
recognised from the internal reviews that the calculator needs to be used by experienced
engineers and an AMEC project team has already used the new elements successfully for
a major CO; collection infrastructure project as a test case

Conclusions

The revised cost and sizing calculator now allows more accurate high level sizing and
costing of CO; pipelines and collection systems. It is not intended as a final pipeline
design tool for which specialist pipeline sizing routines must be used able to cater for



terrain height changes and the physical properties of the actual CO, gas compositions.
The tool is now available for use. IEA GHG will maintain a log of comments and
suggestions from any users so that any errors found can be corrected and useful
improvements added if the amount of use and extent of suggestions warrants.

To use the revised model copy the excel file and help file which are in a subdirectory of
the CD into the same directory on your computer. Open the excel file. Help on the basic
functions is available through the help button or via the drop down menu (Cost
Estimation Model.) Information on how to use the network design tool is to be found in a
separate set of instructions in an appendix to this document entitled ‘“Network model
Instructions”. Information about the upgraded features is to be found in the report on the
upgrade which follows this introduction
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1.0 INTRODUCTION
1.1 Project Overview

The IEA Greenhouse gas R&D program has two Excel based computer programs
developed which estimate the cost of pipelines carrying CO,. The first is a model built by
Woodhill Engineering which includes routines for CO, trunk pipeline as well as for other
fluids and also injection wells and capture plant. The pressure drop and line sizing routines
in this model are considered to be inaccurate, especially under supercritical conditions.

The second model was recently developed by GASTEC at CRE Ltd and AMEC. This
model calculates the costs of lower pressure CO, collection networks and is calibrated for
UK costs. The purpose of the work is to upgrade both of these models and to integrate
them into one.

1.2 Objective
The existing Woodhill program has a form based user interface whereas the Gastec/AMEC
program is currently based on filling in a spreadsheet. In order to make the programs more
user friendly a similar interface is required for this latter model.
In summary, the aims of the project are:
o toincrease the technical veracity of the trunk pipeline model, and
o to improve the user interface amenability of the network model,
Thereby make them more complementary and better aligned to ensure seamless
integration.

1.3 Integration Method
The resulting package does not fundamentally change the way the separate models
worked. It is important not to disturb the coding and behaviour behind each model lest the
validation of each part is lost. They have been integrated under the same visual style and
a new control panel added, this is the only way the two models interact. The new trunk line
routine is a stand alone calculation form which both models connect to, again to limit the
interaction between models.

Project No.: 1663A Page 4 of 19
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2.0 SCOPE OF WORK

21 IEA GHG Defined Scope

There were two defined activities with separate scopes of work. Firstly the modifications to
the Woodhill programme, secondly the integration and refinement of the AMEC/GaC

programme.

2.2 Woodhill Programme PH4-6

The Woodhill cost model enables costs of complete CCS projects to be estimated. As part
of the model, trunk line segments for pipelines carrying CO,/H, and natural gas can be
calculated. The CO, pipeline cost figures generated by this model are considered
insufficiently accurate. They use very simplistic assumptions about the fluid properties of
CO, and use a very simple model for line sizing and costing.

1. Provide computerised information on CO, PVT and transport properties for use in
accurate pressure drop and trunk line sizing to cover the full range of temperatures and
pressures likely to be used in CCS projects. The range should be for pressures to at

least 200 bar and temperatures from -20°C to +40°C.

2. Select a pipeline pressure drop and line size calculation routine suitable for dealing with
long CO, trunk lines, compressible flow including supercritical conditions. It is expected
that calculations will have to be based on splitting the lines into a number of sections
because of the widely changing PVT conditions along the lines which are likely to be

encountered.

3. Select a suitable basis for cost estimation of long trunk lines to include all the key
parameters which affect cost including but not limited to:

. Terrain type

. World region

. Steel price

. Design margins

. Compression stations
o Additional features

. Cost index

For terrain type to be able to be specify % of each of several terrain types per segment.

For world region to consider 4 or 5 main construction cost regions.

For steel price to have a standard default value, (or values if each region is different).

Project No.: 1663A Page 5 of 19
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Design margins refer to the different design stress margins applicable in areas of
differing population exposure.

Additional features refers to such items as block valves, pigging facilities, leak detection
monitoring.

Cost index refer to use a base index so that costs can be adjusted to allow for cost
escalation with time. Use a separate index for pipelines and compression facilities.

Unlock the visual basic code used in the calculators (Password is case sensitive
IEA2611). Re-programme the input sheet for CO, lines to include the extra input
requirements and to allow for lines to be broken into appropriate number of segments.
Note that the routines for Fuel/feed pipelines are to be left unchanged. Currently a
selection of CO, or other gas is made on the pipeline branch input form. As the new
CO. pipeline routine will be more detailed either a separate input form or additional
detail on the existing input form will be required.

Re-programme the code to incorporate the new calculation routines. Calculations of
each segment based on isothermal conditions. One temperature specified for each
segment.

Modify the output sheets to reflect the additional data generated.

Include a graphical representation of pressure and density conditions along the line
segment.

23 GaC/AMEC programme

The routine produced by Gastec/AMEC covers only UK construction costs. The work will
include extending the programme to cover costs in a number of other regions. In addition
the costs for compression stations should have the option for stand alone or being
integrated on site with capture facilities. At present they assume a stand alone site has to
be provided.

1.

Collect data necessary to use the existing model for a selection of other world regions.
Group countries by region. Use 5-6 regions.

2. Modify programme to allow selection of alternative regions

3. Include cost index calibration point with possibility for users to apply a suitable global
escalation index.

4. Define default currency exchange rates which are applicable at the time of set up. For
each region select an appropriate currency in which results are reported by default, £, €
and US$ should suffice. Include option to report in alternative currency using the fixed
default exchange rates, which shall be displayed.
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5. Integrate the spreadsheet into the Woodhill model calculator and add input and output
form or forms of similar style and appearance. Ensure that the worksheets in which
data are entered are also accessible e.g. with a toggle so that they can be viewed.
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3.0

Introduction to the models and the integrated package
The new model consists of three parts;

o Energy Networks — the Woodhill Model
e Carbon Dioxide Network — AMEC model
e Trunk Lines

Each is a distinct part to the model with limited interaction. The models are accessed by a
simple dashboard, Figure 3-1, directing the user to the models and the cost index tool now
included.

Figure 3-1, Integrated Dashboard
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Selections can be made form the dashboard to edit settings, view results and run the
model. Project settings for the network model are also the project settings for the Trunk
Line model. Once selected the model runs as per the original model with the minor
modification operating alongside.
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4.0 Changes to the network model

4.1 Network model inputs

The major change to the original network model is cosmetic, the previous format has been
updated to provide a consistent format over the whole model. As part of this the input
format has been changed slightly with project wide variable being consolidated in one
place. The network model section is now three forms;

¢ Network — sets the default values and conditions

e Input Demands — data entry for emitter information and low pressure elements of a
network.

o Input Pipelines — data entry for the network pipelines information

Reference should be made to the original models’ reports for operating instructions in
greater detail.

4.2 Network

The network page, Figure 4-1, allows the user to adjust the network models defaults for
operating pressures, block valve distances and operational expenditure variables. Pipe
sizes are also included on this page, but it is recommended that no changes be made to
this table.

Figure 4-1, Network Settings Form
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4.3

Input Demands

The input demands form, Figure 4-2, is unchanged from the previous model apart from the
cosmetic formatting. Here emitters are added and selected for low pressure service or into
medium or high pressure routes.

For suction sources the pipeline length, crossings and terrain information s added and the
model provides a pipe size. This information then feeds into the CAPEX model.

Figure 4-2, Input Demands Form
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44 Input Pipelines

As with the previous page the changes to this sheet, Figure 4-3 are cosmetic. As before
this sheet uses the emitter’'s ID number and the pipeline number to construct a network and
size the entire network rather than the pipelines individually. As well as data entry this form
also provides the results, in the form of line sizes.

Figure 4-3, Input Pipelines Form
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5.0

5.1

Trunk line model
User Interface and Operation

The trunk line model is new and allows a single large pipeline to be considered in
conjunction with a network from either model. Suitable for both Offshore and Onshore
operation, the trunk line considers a long pipe in more detail than either of the previous
models, splitting a pipeline into 20 segments and performing a segmental analysis of the
pipeline.

The user inputs data in to the clear fields on the form, Figure 5-1, and a sizing routine will
size the pipeline, calculate the pressure drop, operating conditions, compressor size and
number and provide a cost estimate. It is possible for the user to manipulate the pipeline
size to optimise the size required, the model does not automatically calculate the diameter
this must be selected. The indicative table “Pipeline Size Guide” indicates the appropriate
size for a preset velocity. For CO, systems it is recommended that the usual flow
conventions apply, a maximum velocity of 20 m/s in the gas phase and 3 m/s in the liquid
or supercritical phases.

Figure 5-1, Trunk Line Data Ent

B3 1EA Energy Transmission Study - Cost Estimation Model

(5] Fle Edt View Insert Format Tooks Data  CoskEstimationModel Window Help Type aquestion for help (v 2 & x
NEEHSSRIFE S LB -8 s @ Biamr o) | 31 9 23 | Yo Reply with changes... codkeve . [l
: pria -0 =B I UK SESEEEHES @ o W85 8 8RN0 A-H
Al hd #
v A I\a|c\D\E|F\G|H\|\J\K\L|M\N|0\P|0\R\SIT\UI7
1
a % atenio IEA GREENHOUSE GA'S R&D PROGRAMME ke, amecB
&l a1l e Menu Calculate Carbon Dioxide Transmission Network Model -; s
= Trunk Pipe Line Results L
P15 " Phsoks
feif 6 1
_4| 7 |Data Entry Calculation Output
8
o) | =R
| @ |Pipeline ID Pipeline
—410 | Mass Flow, kgh 256000
5z | 11 |Inlet Pressure, hara 100 supercritical liguid Qutlet Pressure, hara 99.781 esupercritical liquid
a | 12 [Inlet Temperature, °C 15 WP bar 50.81 Pressure Drop, har 0218
3 [ 13 | Velocity, m/s 0.193
14 |Length, m 80000
-
) EE
Als]
| | 17 |Yes/No yes
— | 18 |Inlet Pressure 10 subcritical  gas
3| 19 Outlet Pressure 100 supercritical liguid
w20
| 21 |Booster Compressor Conditions Compressor
42755 |Minimum Inlet Pressure 90 supercritical liguid Number of booster stations 1
|| 23 | Outlet Pressure 100 supercritical liguid {including inflial booster)
E | 24 |Minimum Distance 20 km Actual Booster Compressor Spacir km
2%
— | 26 |Diameter |00mm E]
= 27
158 | Sagment Pipeline Size Guide
© | 29 [Terrain Type %
1 | 30 |Flat open countryside o Diameter vs Velocity
f | 31 |Urban 1] 20m/s &0 The table opposite indicates pipe
B35 IMountainaus 0 15mis & diameters for the norarnlly accepted flow
1| 33 |Desert 0 10m/s 100 rates for gases and liguids. The table is a
| 24 |Forest 0 Gt 125 guide as to possible pipeline sizes
~ | 38 Offshare 100 3mis 150
B E3 1mis 30
2| 57 |River 0
|38 canal i
| 39 |Railway a
— || 40 |Motorway a
DLMaJurmad o
| 42 |Minar road o
43 | Sub-minor road o
44 &
W4 Wf summary £ TabieSum £ GraphSum £ Network £ Input demands / Input pipslines / Totals b, Trunk Lines {ECI { Asset Trunk  Pressre Drop /| € Ell|
fow- g [Awestepes- N N O A @E S v -A-S=g@ @RE W0 FesSEY

Ready HUM

74 start erw @ . [# tRemner [ B Final Test

Project No.: 1663A Page 12 of 19
12 February 2009




GaC Contract No. 3626 e

AMEC Contract No. 1663A at CRE amec

Project Upgrade of CO2 Pipeline Cost calculation Programs

Document No. 1663A-020-000-RPT-001 Revision P

5.2

5.3

5.4

Booster Stations

The model calculates the requirements for both the Initial Booster and Pipeline Booster
stations should they be required.

Whilst initial pressurisation for a network would be covered within the network model,
standalone pipelines or pipelines with long cross country runs may operate at higher
pressures. If they do operate at higher pressures, then an initial booster will be required.
The inlet and outlet pressures are allowed to transition the phase boundary however it is
recommended that the outlet pressure is not specified below 90bar to avoid two-phase
transition or flow in the pipeline.

For onshore pipelines it is often more efficient to provide periodic booster stations on a
pipeline to maintain the pressure rather than run large low pressure drop pipelines. If this
is the case then the model will calculate the number required and the distance between
stations. For offshore pipelines the provision of boosters along a pipeline length is not
practical as this would require entire offshore installations to be provided at a significant
cost. Therefore offshore pipelines are best pressured at the beach and at the destination
only. To provide for this condition the initial booster should have a high enough outlet
pressure to ensure that the entire pipeline length remains above 90 barg. The model does
not however calculate the power or cost of an offshore compressor installed in an existing
structure for local well head pressure boosting.

The user simply has to set the Booster Station details selecting an inlet and outlet pressure
or a minimum distance between stations. Using these criteria the model assess each
segment of the pipeline and adds a booster station when the pressure drops below the
compressors specified inlet pressure.

Terrain and Crossings

Terrain and crossing information is added to the model to adjust the costs accordingly. For
terrain the percentage of terrain type for each pipeline should be added, taking care to
ensure that it totals 100%. This methodology applies a factor based on the percentage to
the pipeline cost. Crossings are added as the actual number of crossings of each type.

For offshore pipelines the offshore terrain should be the only terrain selected and the
number of crossings should be zero.

Pipeline calculation
The pipeline calculation is based on a segmental approach dividing any pipeline into 20

distinct segments. Each section is subjected to the calculation routine and incorporated in
the results. This approach gives a slightly more accurate approach than assuming one
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segment for the whole of the pipe as it allows at each segment the transport conditions to

be correctly considered.

The methodology used is fairly robust and has been tested against established process
simulation packages Aspen Plus and Hysys. The formula used in the calculation is used in
the pipeline for both gas and liquid and it was found that by assuming isothermal conditions
the same equation could be used for all physical states that may be experienced.

The formula in the general form is;

w? {gxdxAzx,)}[(Plz_gz)}

frxL R

1

Where,

W = mass flow, kg/h

d = pipe internal diameter, mm

fe = Moody friction factor

L = pipe length, m

P, = absolute inlet pressure, bara

P, = absolute outlet pressure, bara

p1 = inlet fluid density, kg/m?

And the following assumptions are made;

1. Isothermal flow occurs.

N

system.
Steady flow inside the pipe occurs.
The gas being conveyed is Ideal.

©OeNDORA W

Velocity may be represented by average velocity at a cross section.
The friction factor being applied is constant along the pipe.
The pipe is straight and horizontal between the end points.
Acceleration can be neglected because the pipe is long.

Substance contained within the system assumed to be pure carbon dioxide.

No mechanical work is done by the system and no mechanical work is done to the

The calculation examines each segment in turn and uses the previous segments results to
drive the equation. As a value drops below the minimum allowed the routine adds a

compressor and calculates the size and cost.
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5.5

5.6

Costing

Costing of the pipeline uses the same cost information as the network model and the same
factors. The trunk line model works by costing a pipeline and then applying factors
according to Terrain, crossings, valves, cost indices changes and regional variations.
There are no variables that can be manipulated for the trunk line model alone.

Results

The results are summarised at the bottom of the data entry table in the form of separate
CAPEX and OPEX figures as illustrated below, Figure 5-2. Following this is a number of
graphs;

e Pressure Drop per Segment
e Pressure Profile

e Pressure Drop Profile

o Density Profile

Figure 5-2, Trunk Line Results
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In addition to the graphs the bottom of the page contains more detailed information, a copy
of the calculation results by segment, Figure 5-3. This allows a competent user to examine

the pipeline in detail and make changes to the input accordingly.

Figure 5-3, Detailed Trunk Line Results
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5.7

Interfacing with the Woodhill Model

The Woodhill model previously used a set of fixed terms in its pipeline calculation. It is now
possible to select either to use the previous methodology or select the AMEC trunk line

calculation.

The pipeline calculation entry form, Fig 5-4, has been modified to allow
selection. Data entry is the same however by selecting “Trunk Line” the model applies the
new methodology and reports the data back to the model in the appropriate format.

Figure 5-4, Woodhill Model Pipeline Calculation Form
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6.0 Economic Cost Indicators

The model now includes three economic factors, the first a regional variation, currency
variation and a set of engineering cost indices. The regional variations are basic are

simple multiplication factors to the baseline cost.

Table 6-1, Regional Cost Factors

Region Cost Factor
Europe 1
UK 1.2
USA / Canada 1
South America 0.8
North Africa 0.8
Equatorial Africa 0.9
South Africa 0.7
Russia 0.7
Middle East 0.9
Indian Sub-cont. 0.7
SE Asia(excl.Japan) 0.8
Japan 1
China / Central Asia 0.7
Australia / NZ 1

Similarly currency factors are simple multiples.

Table 6-2, Currency Factors

Currency Factor
US Dollars (Default) 1

Aus Dollars 1.21465
Euro 0.74955
Yen 117.86
UK Sterling 0.50985

For cost indices a number of systems are provided whilst partial data sets for Marshall &
Swift and the Process Engineering Index are provided it is recommended that the Chemical
Engineering Index should be used. The facility exists to edit or add to this data set as it

becomes available by means of the sheet “ECI”, Figure 6-1.

This information is not

however publicly available and journal subscription is generally required to access up to

date indices.
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App endix 6: Spreadsheet Instructions

The following section is a simple step by step guide intended to aid network designers who wish
to use the design spreadsheet.

The spreadsheet will only tell a designer what size/material of pipe is required, pressures and
costs, however a number of design decisions still need to be made. Prior to using the
spreadsheet, the shape of the network to be designed should be determined and pipeline
connections and distances should be established in the usual manner.

First of all, open a copy of the spreadsheet and save it under a new name e.g. Network1.xls. Now
follow Steps 1 — X carefully to design your network.

Step 1: Input Emission Sources

Ensure that the “Input Demands” tab is open.
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Input the total number of sources to be included within your scheme in the yellow box next to “No of
collecting points”. Next input the name of each source and give it a unique identification number e.g.

GaC3484

October 2006 © GASTEC at CRE Ltd 2006 (IEA/CON/06/125)



IEA Greenhouse Distributed Collection and Transmission of CO > —
Gases R&D SIS

Program at CRE

1001, 1002 etc. Input the emission (total to be collected) from the source in the column to the right of
the name.

The distance required between shut-off valves can also be entered on this tab. Default values
applicable to the United Kingdom are already set, but these can be altered.
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[17 | 5 3001 CASTLE CEMENT PADESWOOD 316602 |no no
|18 | B 2002 SHELL UK. OIL PRODUCTS LIMITED 2976534 [no no
[19 | 7 3002 INEOS CHLOR LIMITED 280310 |no no
| 20 | & 3007 SCOTTISH AND SOUTHERM ENERGY GEMERATION LTD 134311 [no no
[21 | E 2005 INTERGEN LTD 980615 |no no
|22 | 10 1029 ro no
|23 | 1" 1027 INEOS FLUOR LIMITED 1525 |yes no
| 24 | 12 3005 PILKINGTOMN UNITED KINGDOM LTD 58040 |no no
[25 | 13 3005 PILKINGTOM UMITED KINGDOM LTD 167752 |no no
] 14 1006 no no
[ 27 | 15 1021 SCOTTISHPOWER GENERATION LTD 4676 [yes no
| 28 | 16 1023 SCOTTISHPOWER GEMERATION LTD 4069 [yes no
|29 | 17 3019 SONAE UK LTD 35713 |no no
| 30 | 18 1046 CP KELCO LK LIMITED 1777 |yes no
[ 31| 19 1036 KODAK LTD 5307 [yes no
|32 20 1037 DAIRY CREST LTD 3682 [ves no
[ 33 2 1045 DAIRY CREST LTD 3682 [yes no
[34 | 22 1024 no no
|35 23 1041 INNOGY COGEM LTD 24284 |ves no
| 36 | 24 1043 1BSTOCK BRICK LTD: 10854 [yes no
|37 | 25 1042 H. JHEINZ 11180 [yes no
| 38 26 1044 SCA HYGIENE PRODUCTS LTD 190 [ves no
| 39 27 1047 DALKIA UTILITIES SERYICES PLC 16830 [yes no
| 40 | 28 1039 HMP LIVERPOOL 2110|yes no
|41 | 29 3024 GAZ DE FRANCE GENERATION LIMTED 412500 [no no
| 42 | 30 3017 PPG INDUSTRIES (UK)LTD 3B661 |no no
[43 | 31 1003 o no
|44 | 3z 1005 ro no
45 33 1013 ROCKWOOD ADDITIVES LIMITED. aros[yes no
| 46 | 34 1007 INEOS SILICAS 20069 |no no
| 47 | 35 1020 SCOTTISHPOIWER GEMERATION LTD 5189 [yes no
| 48 | 36 1014 SCOTTISHPOWER GENERATION LTD A6 |yes no
4 4 » W\ Input demands g W Tnvest.data

You will notice that there are further columns to the right of those that have been filled in, ignore these
for the time being and proceed to the next step.
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Step 2: Input Pipe Distances and Connections
Ensure that the “Input Pipelines” tab is open.

Input the number of pipelines within the proposed network, the inlet pressure of the system and the
materials of construction; this will open up the appropriate number of lines on the sheet for pipes.

=] Microsoft Excel - Network Design Sheet Tiers 06162 TRIMMED xis [m[E ]
(] Fle Edit Yiew Inset Format Tools Dsts  Window  Help Type aquestion forbeln - _ & X
FRIN = MR NG A N R RS A BRSNS I N |
Ligdg g I N | | 3 (B4 | X9 Reply with Changes.... End feview ﬂiﬁwa\ »10 -|B I U|= = | By g 4 %8| EE . e b-83 |
026 b 3
A | B [ @ [ 5] | E [ E [ G [ H [ | [ K L [ M ] M [ el
1 i Stesl | PE
Z Mominal  Internal Morninal Tnte -
a IC;[: pipelines (== | ki 5, 1 A0.3 a0 63
| 4 |Obligatory input B o d 9 2 283 76.2 75
|5 Optional input — at CRE ﬁ.wa ;} ame 3 114.3 101.8) 110
B Mo input 4 1B8.3 152 4 160
7 ’ 3l 2191 2032 200
| B |[Material =tes| In out 6| 2731 254 250
| 9 |Inlet pressure of syst 10]Barg BBar gauge: overpressure) IHP system 110 BDI 7 3238 304 8 315
101 |No of pipelines 79
1 Flows from | | |
a
12 |Mumber [ i Flows Pipe number Collecting from (no collecting
13 1 1 4
14 | 2 Pl 1034
15 3 4] g—
|16 | 4 4 ( 3Ms
[ 17 | 5| 5| B| 4 El 2 ,
el 3 3 — 7 i )
|19 7| 7| 5 1022
[ 20| 8| 8| 6| 1012
|21] 9 El 10| 1026
|22 10] 10 78 5 9 " 73 2003
[23 ] 1 n 10] 12 18 14] 15| 17| 2004
| 24| 12 12 11 13 3003
125] 13| 13| 12| 3008
| 26| 14] 14 11 3024 I
| 27 | 15| 15| 11 1008
| 26| 16| 16| 11 1003
|29 17| 17| 11 18] 19 20| 2002
[ 30| 18| 18| 17| 3014
|31 19 19 17 3022
|32 0 20 17| 3B a7 3018
EE]| 21 21 18] 22 3016
| 34 | 22 2 21 23 24 254 26 3020
|35] 23 | 22 1040
|36 24 24 22 1038
[37 | 25 25 22 1030
| 36| 26 2B 22 1033 =
"« » W, Input dermands %, Input pipelines /RTINS Invest.data - o < >
Ready UM

For each pipeline input it's allocated number in the scheme, any pipes that the pipe flows to (for pipes
that flow out of the network input “0”) and pipes that flow into that particular pipe. If a particular
pipeline collects CO, from a source in the network, input the source ID (e.g. 1001, 1002) into the
“Collecting from (no collecting point)” column. The inlet and outlet pressure of the high pressure
system can also be input. The default values ensure that the CO, s in the supercritical phase.

OUU
rerpressure) |HP syst@m | 11D| BDl
Flows from
3
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Next input the length of the pipeline, the predominant terrain that it crosses, any major crossings (e.g
motorways etc) the number of condensate separators, and whether drainage or sand padding is
required for the pipeline.

[ Microsoft Excel - Network Design Sheat Tiers 06162 TRIMED xls BE]
(5] Ele Edt Yew Inset Fomat Iools Dsta Window Help chelp ¢ o @ X
RN WIS =W MR SR A SRR - e AN LS N |
et | ) | NE] (1 | ¥ Reply with Changes... £nd Revizi, ﬁigma\ =10 -|B I U|=E==k]|8 s 1 1 88 E (O !‘)'A'E
026 = f;
@ | R | s i T [ u v T w [ % [ v [ 1z [safaslacfapfselaF[ac] A4 | Al | Al o T A [am [ aw [ a0 [ apr—=
1 6 | 1yes 2 Uthan 2no Zmo
7 Zno 3 Mountainous
ER 4 Desert
o | 5 Farest
B & Offizhore
| lumber of crossing
3
R
R £ Mo ot
b % % g % 2 condensate: Drainage
mars)| Flow (/a) | s HP alowed? [Diamster nr Dismeters A il el B R ﬂ
a0 of 1l [= 1 60.3] ” 1 1] Fiat open countyside [+ 1fees [
104 00 of  tfue [= 1 508 1 2 1 1| Fatopencountside (=]  tlees [=] 1
oo of rfes [z 1 ﬁ 508 1 1| Faopen comysize (v ] a[res [=] 1]
q 1813 a9a21| 1| [= 5| 2tea q 1| Fistspen coumnside (=] 1[ies [ i
27840 18513 g2t fues [x] 7| sz38| svas| o ' = — 1 -
6554 1ot 114038 1l [ 6 2r31| 2s0 a1 1 1| Flaopen commside [  1|ues |+ 1l [=
6254 o000 of  tfes [+ 1 o3| 08 7| 2 9 1 1[Faopencommgside (v wes =] [wes (=]
5654 0.000) of  tfue [ 1 s03| w08 sl 3 1 1 1| Fistspen coumnside (=] 1[ses [ 1| [+
s104 o000 of  2fme [x] 1 o3| s08| 1 1 1 1 2[trbsn [l tles (=] s [=
sooo0|  taaded|  ezmesr|  qlwes [=|HP 750) 1 1| F1at open countryside [ ] 2| P |
2| miees| sesosra|  [wes [ lHR 750 1 1 1 1|Pucpencommside (v ] s (v  1|uwes |v
920 a5zl zvewsr| 2l [+ 4572] 1 2| utban = s (=] tfe [
2083 03878 54374 2|ne [x] s| 2191 2032 1 2| Urban (=] 1ues (=] s (=]
EE sesa|  wi2s00| 2l [ 5589 1 2| tibsn [ [T PP 2 I P
3132 0.000 0 2|ne  [x] 1 80.3] 508 1 2| Urban (=] 1ues (=] s (=]
5104 0,000 of 2 [+] 1| eo3l  soe 1 2| tibsn [ [T PP 2 I P
14288 6703 4152266 s [=]HP 600, 5 1 1 1| Flat open counryside || 1ues [=] s [=]
35149 72|  asmzsel il [S|WP 250 1| 3 1] 3| af1e 1 1|Fatopen commpsive [~ nes =  1fues [=]
6032 4321 304856 1 es [=]HR 250 3 1 1 1| Flat open counryside || 1ues [=] s [=]
1972 sz  s22818| 2l [ 5589 1 1 1 2| tibsn [ [T PP 2 I P
23684 a4152| 5212678 1 ges [=]HP 750 2| 2 I 7] 1 1| Flat open counryside || 1ses [=] s [=]
| sacor| seotes| ke [l 750 1 1 1 1|Fatopen commgzide [~ nes =  1fuee [=]
1160 80716  s000000| 2[ne (=] 3144 1 1 2| Urban (=] 1fes (=] 1)es (<]
7540 0.000) of  tfae = 1 s03| 50| 1 1 1 1| Fist open countyside [~ | e ==
11252] 0.000 0 1 ges [x] 1 60.3] s08| 1 1| 1 1 1| Flat onen counuside v | 1ses [=] s [=]
19256 0.000) of 1l [+ 1 so3|  soel 2| 1| 2f | 3] 5 9 1 1| Flatopen counmyside ] aes [ t]ues [<]
1278 a3s|  sgmm0a|  1[es [=|HP 250 1 1 1| Flatopen counyside [ ees [ tfwes [=]
500) 0.000) of 1l [+ 1| m0a s 1 1| Frropen commside [x|  qfyes (o] fues [}
1624 0000 0 1 ges [x] 1 60.3] 504 1 1 1| Flat open countryside [+ | 1ses [=] s [=]
1044 seas|  z2eme3|  tfws [ 250 1 1 1| Faropencommside [] g (v 1fues [}
a2 1421 3418)  1[ges [v| 4| 1sm3| 1524 1 1 1| Flatopen counuyside [ ees [ tfwes [=]
2900) 0,000 of  2fne [+] 1| eo3  sos 1 2| Urben 52 ST PP = (T P
2320 0.000 0 2|ne [x] 1 60.3] 504 1 2| Uiban [=] 1ses [=] s [=]
7078 000 o 2|no =] 1 603 0.5 1 2| Utban (=] s [+] s [=]
6264 0.000 0 2|ne [x] 1 60.3] 504 1 1 2| Uiban =] 1ses [=] s [=]
000 o 2|no =] 1 603 0.5 1 2| Utban (=] s [+] s [=]
45| 1160 1685  1oso00[  1[ges [=] sl 2191|2032 1 1 1| Flatopen counyside [ fees (=] tfwes [=]
|50 | B264) 4559 282434 1o [=] 4572 1 1 1| Flat apen sountnyside [ | s [+] s [=]
[51 | 0000 0 1 ges [x] 1 60.3] 504 1 1| Flat open countryside [ = | 1ses [=] s [=]
52 22156 0.000| i il [+] 1 60.3] soal 1] 2l 1] 1] 4 1 1| Pt spen counyside [+ ] 1nes [+ 1fes [+] L]
4 4 » W] Input demands %, Input pipelines JEEREEEA] Tvest.data / I< 3|
Ready UM

Note that if a pipeline crosses several different types of difficult terrain it is advisable to split it into
several smaller pipes to gain an accurate cost for that section.

The default setting for the spreadsheet is to not allow high pressure lines in urban areas. This setting
can be changed just above that column by setting all lines to yes (allow HP).

Care should be taken to ensure that all lines are entered correctly. Any mistakes in the data will affect
the spreadsheet output. Once all data has been entered proceed to the next step.

GaC3484
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Step 3: Input Suction Network

Ensure that the “Input Demands” tab is open.

You will notice that the information relating to crossings etc has been transposed to this sheet. You
can now select parts of the network to operate under a suction system. Choose a source to be
included in the suction network and select “yes” in the “Part of Sucking System?” column. Some of
the columns to the right of the source will change colour.

[ Mictosoft Excel - Network Design Sheet Tiers Oec1i2 TRIMHED xis BEx)
iH] Fle Edt Wew Insert Format Tools Daks  Window  Help Type aquestion forhelp - o & X
LT R BB Ao 8 sz @l
ERE i T B s | | 7174 23 | X Reply with Changes.. Fd Review, g £ aa 20 o Bz u SEI=[E M % o it sldEeE me - AR
R12 - A& Type of area
E | F | G \ H \ ] [JTKILImIN][OP] Q | R \ She
4 =
5 INetwork Cost $/tonne  #VALUE! | 1 Flat open coun
| 6 2 Urban
Distance between
7 valves (m) 3 Mountainous
Shut-Off
|8 | Valves HP 1000 4 Desert
1 9 | MP 2000 5 Forest
10 6 Offshore
1 Number of crossings
T
g
=255
Partof Leave |z g g|e E No of
sucking source Pipeline § B2 2| 2| 2| 4 |condensate
12 |system? out? To pipeline? A NN HEIEG seperators Type of area
|16 |no ha of 0| 0 1 1 Flat open countrvside
| 17 |yes - Flst open countryside
|18 jno no 2L > 0 1 1 Flat cpen courtryside
| 19 no no 0l of o] O 7] 2| 3 1 1 Flst apen countryside
| 20 |no no ol 0 0 0] 5] 3| 1 1 2| Urban
121 |no no 1| of 1| of 1] of 0 1 2 b
122 |no no ol of of of of of 0 1 2|
| 23 |yes no . 1 open courtryside
| 24 |no no
| 25 |no no ol 0f 0] O
26 |no no 0ol 0 0f O
W+ » W]\ Input demands ¢ Input pinelines R ol

Ready

art -1-| € Inbox - Thunderbird ﬂﬁj sensitivities. s Tk etwork Design 5. | B £o2 Emissions Lis... H 81 3424 [EAGHG Re

Input which pipeline the suction system is connected to for example if pipeline 1 is to be under suction
and is connected to pipeline 2 you would enter a 2 in the “To pipeline?” column. Enter the length of
the pipeline in the adjacent column. The purple column should now change,; if it reads “n.a”, then a
suction pipeline is not possible for this source either because of the size of emission or the distance
to be travelled means that the pipe required is too large. If a suction pipe is not feasible for a
particular source ensure that the “Part of sucking system” column is returned to “no”.

Once this stage is completed all information relating to sources and pipelines should have been
entered into the spreadsheet.

GaC3484
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Step 4: Interest, Plant Lifetimes and Operational Costs
Ensure that the “Totals” tab is open.

From this tab the plant lifetimes and interest rate can be changed depending upon the particular
circumstances applicable to the network being designed.
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Next ensure that the “Opex” tab is open.

From this tab the operational costs can be estimated. It is possible to change the percentage
operational cost from capital cost and the cost of energy for compression.

L@ Microsoft Excel - Metwork Design Sheet Tiers 06 1& 2 TRIMMED x5 g X
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Distributed Collection and Transmission of CO 2

Your network should now be complete.

i stec
s
at CRE

The total cost of transportation for the network per tonne of CO, is displayed on the “Totals” tab and
the “Input Demands” tab.
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