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Abstract 

A Decision Support System (DSS) has been developed to evaluate the technical and economic 

feasibility of CO2 storage in the subsurface. The system can be used to define CO2 capture, 

transport and storage systems, consisting of a selection of CO2 sources and sinks and the 

connecting pipeline network. The DSS uses the database of CO2 emission points and storage 

locations in Europe that has been compiled in the EU Geocapacity project. The system is a 

combination of an internet application, which visualises the data and allows the user to select 

sources and sinks and create a pipeline network, and an application to be run on a local 

computer, which performs a stochastic analysis of the costs of a CO2 capture, transport and 

storage system 
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1 INTRODUCTION 

The aim of the EU Geocapacity project was to create an inventory of CO2 emission levels and CO2 

storage capacity in Europe. The project was a follow-up to the GESTCO project, which performed a 

similar task for six north-west European countries. The latter project also produced a software tool 

for the analysis of the economic feasibility of carbon capture and storage (CCS) projects, by 

estimating the costs involved in the different elements of a CCS chain. This chain was defined by 

capture and compression at a single source, storage at a single storage location, plus a connecting 

pipeline. The EU Geocapacity project was also tasked to extend the GESTCO project in this aspect, 

by developing a more advanced CCS analysis tool, capable of handling more realistic scenarios, with 

multiple sources and multiple storage locations. In addition, the tool should be able to clearly show 

the uncertainties associated to this type of analysis. The updated and extended database of CO2 

emission and storage capacity would provide the basis for the CCS feasibility analyses. 

 

This report describes the design of the EU Geocapacity economic tool. 
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2 THE GEOCAPACITY DECISION SUPPORT SYSTEM 

2.1 Description of the Geocapacity DSS System 

The Geocapacity decision support system (DSS) consists of two parts. The first part is an internet 

application, to be used for the construction of a CCS scenario; the second part is a local application, 

which can perform a stochastic analysis of the costs involved.  

2.2 Outline of the internet Geocapacity application 

The internet-based part of the DSS
1
 is used to construct a CCS scenario. The database compiled in 

the EU-Geocapacity project is used to select any number of CO2 emission points and storage 

locations. A network of pipelines connecting sources and sinks can be computed and edited. The 

amount of storage space in the sinks in the CCS scenario can be compared with the amount of CO2 

produced by performing a simple source-sink match. All data are then downloaded as input for the 

local application, in the form of a zip file. Figure 2.1 and Figure 2.2 show snap shots of the web-

based application. 

 

The user must go through a number of steps to construct a CCS scenario. 

1. Define the start year and the duration of the CCS project (typically 30 or 40 years). 

2. Select CO2 sources from the collection of sources in the EU Geocapacity database. These 

are shown on a Google Maps background. 

3. Select CO2 storage locations. The aquifers and hydrocarbon fields in the EU Geocapacity 

database are shown in different colours on the map; the size of the markers is proportional 

to the storage capacity.  

 

 

Figure 2.1. Screen shot of part of the Geocapacity-DSS graphical user interface. The Google Map section shows sources 

(light blue) and sinks (red symbols: aquifers, . The selection lists and boxes on the right allow the user to define 

the type and size of sources and sinks to be plotted.  

                         
1
 At the time this report was compiled, the address where the Geocapacity DSS can be reached was 

http://dinolab51.nitg.tno.nl/GeocapTrinidaddinolab51_edisonSmallapp/faces/index.jspx. 
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4. Compute the source – sink match. To make sure that the storage space in the selection of 

sinks is sufficient, a simple source – sink match must be done, before a network is 

computed. The user is asked to provide any missing data, after which a simple algorithm is 

used to compute whether the yearly production of CO2 can be stored. There is a match only 

if all CO2 can be stored throughout the duration of the CCS project. 

5. Compute a network of pipelines. When there is a source – sink match, a network connecting 

sources and sinks can be computed. The network is an efficient network, in terms of total 

pipeline distance, but not the shortest possible. Due to computing time requirements, no 

rigorous shortest network algorithm has been implemented. The network is displayed on the 

Google Maps background (see Figure 2.3). 

6. Network editing. The network algorithm does not take into account land use, again because 

of computation time considerations. Instead, the user has the option to change the location 

and shape of any of the pipelines in the network, to avoid obvious obstacles such as cities or 

steep topography. In addition, the network elements can be made to run parallel to existing 

pipelines. The user should be aware that the main purpose of editing of the network is to 

increase the fidelity of the length estimate of the pipelines. The length of the pipeline is 

increased by 20% in the computation of transport costs, to account for small deviations from 

the planned route due to local infrastructure. In addition to changing the location of pipeline 

segments, an onshore / offshore attribute can be set for each element in the network. An 

example of an edited network is shown in Figure 2.3. 

7. Download data. Once the network is ready, all available data can be assembled in a zip file 

and downloaded, to serve as input for the local DSS.  

 

 

 

Figure 2.2. Screen shot of the Google Maps interface showing a map with the locations of sources (light blue) and sinks 

(purple: hydrocarbon fields; red: aquifers) in the EU Geocapacity database. 
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Figure 2.3. Screen shot of the Geocapacity internet application, with a network superimposed on a Google Maps 

background. The network was computed by the network algorithm. With the position of sources (light blue) and 

sinks (dark blue) fixed, the route of the onshore pipeline (in red) has been changed to follow a possibly more 

realistic (although hypothetical) route; the offshore pipelines (in blue) have been slightly shifted. The inset shows 

the network as it was computed by the network algorithm, with straight segments, by default onshore (red 

colour). 

2.3 Outline of the local decision support system 

The local Geocapacity tool performs a stochastic analysis of the costs of a CCS project. The data on 

the sources, sinks and network as downloaded from the web application are the starting point of the 

analysis.  

 

The Geocapacity economic tool is an extension of the GESTCO tool in several aspects. 

1. The tool is capable of handling multiple sources and multiple sinks in a single scenario. The 

single source – single sink scenarios in the GESTCO tool are now considered not to be 

realistic, as it is expected that future, large-scale CCS projects will include many sources 

and many sinks.  

2. The tool performs a stochastic analysis of the economic costs. Key technologies for CCS are 

not yet mature (e.g., capture) and recent years have shown significant increase in price 

levels (e.g., of pipeline construction costs). Such, and other, uncertainties should be 

reflected in the economic analysis by computing the band width of the total cost. The EU 

Geocapacity tool can handle probability distributions for all of the input data, propagating 

this information to the results. 

3. The starting point for the tool is the EU Geocapacity database of CO2 emission and storage 

capacity, which contains data on almost all EU member states. In combination with the 

many – on – many capability mentioned above, this allows for cross-border CCS to be 

analysed. This is a relevant issue for several EU member states, where insufficient storage 

capacity is available for national CO2 capture projects. 
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The local tool is built in java, using the DSS software developed by TNO in recent years. This 

software has built-in functionality for performing stochastic analyses and has been successfully 

applied to such diverse areas as E&P (exploration and production) and power plants using 

geothermal energy. The stochastic character in the tool lies in its Monte Carlo approach, performing 

a large number of identical computations, in which the input is varied according the user-defined 

stochastic properties of the input data. 

2.4 Outline of the DSS analyses 

The analysis of economic feasibility of CCS, performed by the application that runs on a local 

computer, is split up into several parts that are executed consecutively. This chain of computations is 

performed many times, once for each Monte Carlo run. 

1. Sources. Capture and compression modules compute the performance and cost of capture 

and compression systems for each source in the project. 

2. Sinks. Storage capacity and injection rates are computed for each sink in the project.  

3. Source – sink match. In each Monte Carlo run, sink properties can be different, leading to 

varying degrees to which the captured CO2 can be stored in the sinks. 

4. Network update. The CO2 flows from the sources and to the sinks vary among the Monte 

Carlo runs. These variations lead to different pipeline capacity requirements and, hence, to 

different transport costs. 

5. Economic analysis. The costs of all elements of the CCS chain are accumulated, taking into 

account investments, maintenance costs, tax, etc., to arrive at the net present value (NPV) of 

the project. Figure 2.4 shows an example of results from the tool. 

 

The different elements of the chain are discussed in some detail below; section 4 describes the 

underlying assumptions and formulas. 

 

 

Figure 2.4. Examples of output from the local application: NPV for a hypothetical CCS project. Left: results presented in the 

form of an expectation curve; each red dot represents the outcome of a single Monte Carlo run. Right: results 

presented as a histogram. 
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2.4.1 Sources 
For each industrial source selected by the user, the DSS calculates capture and compression 

parameters. To this end, the DSS takes parameters from the source database as input for calculations 

of capture and compression variables. The type of CO2 emitter determines which data will be used in 

the calculations. Some important variables are: 

- type of plant (power and non-power installations) 

- new vs. existing (retrofit) plant  

- plant technology class (e.g. gas turbine, combined cycle, etc.) 

- type of fuel (divided in gaseous, liquid and solid fuels) 

Combinations of the first three variables mentioned result in the definition of several ‘Sourcetypes’. 

An example: SourceType 0 is a power plant with an existing steam turbine or boiler. Within this 

sourcetype, parameters are determined for different fuels and different capture technologies (see 

2.4.1.1  ). The parameters are input for the capture and compression modules. 

 

All required data for the different source types in combination with fuels and capture technologies 

are readily available in the DSS and the attendant databases. However, if desired, users can change 

any input data on, for instance, fuel use for the capture process, volume of flue gas to be treated for 

capture, percentage of CO2 captured, fuel emission factors or costs of fuel and electricity.  

2.4.1.1   Capture 
Users can select from a range of capture technologies for isolating the CO2 at the 

source. Capture technologies included are: post-combustion (capture of CO2 from flue 

gases), pre-combustion (CO2 capture by fuel conversion), oxy-fuel combustion (capture 

by fuel combustion using pure oxygen), or high-purity (capture from sources that emit 

(nearly) pure CO2). The capture module calculates amongst others the energy 

requirement for the capture process, the amount of CO2 captured per year, any 

additional CO2 generated by the process itself, resulting CO2 emissions, and the 

economics of the capture process.  

2.4.1.2   Compression 

The compression module calculates the energy required to compress the flow of CO2 

from the capture unit to the required transport pressure. The module can then determine 

the energy use for compression, the associated CO2 emissions and the economics of the 

compression step.  

2.4.2 Storage 
A significant part of the uncertainty in CCS projects is associated with the properties of the 

subsurface reservoirs. Whereas depleted gas fields are generally well studied and have a relatively 

well-defined storage capacity (although end of production times remain uncertain), aquifer storage is 

associated with highly uncertain reservoir properties.  

 

Storage modules have been developed for CO2 injection into aquifers and abandoned oil and gas 

reservoirs under supercritical conditions. These compute the injection rate (Mt/yr) as a function of 

the number of wells used, using reservoir properties (such as pressure, temperature, maximum 

pressure, permeability) as input. The models are based on a mass balance equation and a pressure 

model that incorporates the development of a growing CO2 zone around the wells with different 

mobility than the original fluid in place.  

 

EOR is not included. 
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2.4.2.1   Storage capacity 
The storage capacity of a reservoir is listed in the EU Geocapacity database, but using the database 

value is recommended for depleted hydrocarbon fields only. The capacity estimation for these 

reservoirs is quite straightforward, assuming that CO2 can replace the original fluids and that the 

reservoir can be brought back to its original pressure. 

 

Aquifer storage is treated differently. The aquifer storage capacity values reported in the database 

have been derived with strongly varying assumptions. It is recommended not to use these values, but 

to use the information on the reservoirs that is also listed in the database to recompute the storage 

capacity. The user can choose between two methods, depending on the availability of these data.  

2.4.2.2   Injection rate 
Whether a specific hydrocarbon field or aquifer is suitable for CO2 depends on the maximum 

injection rates, as much as on the total storage capacity. Injection rate is not listed in the database, as 

it depends on the number (and layout) of wells used. A number of methods to estimate injection rates 

is provided; the choice depends on the amount of data present in the database on the geological 

properties of the reservoir. 

2.4.3 Transportation 
The pipeline network that transports the CO2 from the sources to reservoirs is 

constructed by an algorithm that looks for the shortest connections between all the 

sources and sinks. The network generation algorithm is implemented in the web 

application and it creates the connections in the web-application. The capacity/size and 

costs of the pipeline sections and network is calculated in the local application. The 

local application is also able to modify size of the pipes - along with the recalculation of 

costs - for the purpose of Monte Carlo simulations. 

 

The network generation algorithm creates the pipelines one by one, connecting in every 

step more source-sink connections. It looks for the shortest connections by checking all 

the possibilities, including direct connections (a single pipeline between a given source 

and a given sink) and indirect connections, i.e that make use of the already generated 

pipelines (using a recursive approach). 

2.4.4 Cost data 
A cost module provides data on the cost of wells, platform (offshore) or site (onshore) 

development. Cost data include the cost of drilling, platform (offshore) or site (onshore) 

development and operation and maintenance cost estimates. 

2.4.5 Economics 
The economic module combines the cost estimates of all previous modules to produce 

the net present value (NPV) of the CCS project. Other economic parameters include the 

internal rate of return (minimum discount value), the maximum exposure and unit cost. 

The latter parameter has units of €/tCO2 and is often used in CCS literature as an 

indicator for the cost of a specific CCS project.  
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3 DATABASE 

3.1 Emission sources 

The DSS uses the database of CO2 emission sources that was compiled in the 

Geocapacity project. The reader is referred to the final report of WP1 [Kirk et al., 2009] 

for a description of the database fields and for a brief outline of the emission points in 

the participating countries. Figure 3.1 shows as an example of the database a regional 

map of sources and sinks for Northwestern Europe. Also shown on the map are existing 

pipelines. 

 

The database contains all information on the emission points that is listed below in the 

description of the input for the DSS.  

 

 

 

Figure 3.1. Regional source – sink map for Northwestern Europe (figure taken from Kirk et al. [2009]). 
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3.2 Existing pipeline locations 

A database of the location of existing pipeline networks has been compiled by the EU Geocapacity 

group (see also Figure 3.1). As noted above, the computation of the new network does not take into 

account the location of existing networks. Instead, the user has the option of aligning the new 

network with existing infrastructure, to increase both the reliability of the estimated length for the 

new pipelines and the visual appearance of the new network. Figure 3.2 shows an example for a 

hypothetical case in Denmark. 

 

 

Figure 3.2. Hypothetical example of a CO2 network (blue, for offshore pipeline segments and red, for onshore segments), 

after aligning the network produced by the economic tool transport algorithm (inset) with existing pipelines (in 

purple). Note that all segments of the original network were given the label ‘onshore’. 
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4 MODULES 

4.1 Sources 

4.1.1 Capture 
The capture module calculates energy use, emission characteristics - as resulting emission and 

emission avoided - and economics of the capture process, depending on the main characteristics of 

the selected sources of carbon dioxide and the capture technologies applied. Relevant information 

from the capture module is transferred to the modules Compression and Economics. The capture 

module uses data from the selected point source (from the source database) and general data (such as 

fuel prices, emission factors, and type of fuel).  

 

The following remarks can be made for the energy use, carbon dioxide flows and economics: 

 

• Energy use and carbon dioxide capture process 

For the capture of carbon dioxide extra energy is required compared to the process in which no 

carbon dioxide is captured. The way the energy is supplied depends on the CO2 source and the 

capture process. For instance, in the case of power plants with post-combustion capture, a way 

to provide energy is to extract process heat from the low-pressure steam system can to ‘fuel’ the 

capture process. Although this is an efficient way, the output and the efficiency of the plant are 

decreased. Current state-of-the-art oxyfuel processes need power to drive the oxygen production 

process. Pre-combustion needs the bulk of the extra energy to convert the fuel into carbon-free 

energy and CO2. In the case of industrial CO2 emitters it is more likely that post-combustion 

process may use waste heat. Depending on the local situation and type of industry this may not 

always be enough to cover the energy needs of the capture process. This means that additional 

fuel is needed for the capture process. 

 

Electricity is in most capture technologies also required. Electricity is e.g. required for pumping 

solvents and for fans to pressurize flue gases. 

 

This additional energy use is important because of the extra production of carbon dioxide 

associated with it and because of the extra costs involved in generating the energy (fuel, 

electricity, and heat). Energy use (fuel and electricity use) for various source type – capture 

technology combinations is tabulated for standard conditions. The capture module calculates the 

energy uses based on the actual conditions in the selected plant, i.e. adjusting e.g. for CO2 

concentration and size of plant.  

 

• Carbon dioxide capture and avoidance 
Energy use for the capture of CO2 will lead to additional production of carbon dioxide. This 

additional carbon dioxide can be produced on-site at the selected plant or elsewhere (external), 

e.g. associated with the use of power from the grid. In the module calculations, the additional 

CO2 produced on-site due will be captured with the same rate as the original produced carbon 

dioxide within the selected plant. Externally produced CO2 is not subject to capture on-site, but 

will be taken into account in the overall calculation of the percentage CO2 avoided. Thus the 

following properties are calculated:  

- Annual CO2 emission plant without capture 

- Annual captured CO2 

- Annual additional CO2 produced internally by fuel use capture 

- Annual additional CO2 produced externally by electricity use capture  
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- Annual emission CO2 of plant after capture 

- Annual CO2 emissions avoided 

 

• Economics of capture process 
To capture the carbon dioxide requires extra investment, and involves extra costs for operation 

and maintenance (O&M), fuel and electricity. The following parameters are calculated: 

- Investment costs capture unit 

- Annual fuel costs capture 

- Annual electricity costs capture 

- Fixed O&M costs 

- Variable O&M costs 

 

• Types capture technologies incorporated in the GeoCapacity-DSS 
Four generic capture technologies are available for separating CO2:  

- Post-combustion capture (using chemical solvents to separate CO2 from the rest of 

the flue gas) 

- Pre-combustion capture (fuel processing to remove the carbon leaving a hydrogen-

rich fuel) 

- Oxy-fuel combustion capture (burning fossil fuels using pure oxygen leaving a 

highly concentrated CO2 stream) 

- High-purity CO2 capture (some industrial processes such as ammonia and ethylene 

oxide production produce high-purity CO2 as by-product, which means CO2 can 

readily be captured and little additional capture investments are needed) 

 

As mentioned in section 2.4, the capture technologies are combined with the following 

variables to determine which data is taken from the database: 

- type of plant (power vs. “non-power” industrial processes
2
) 

- new vs. existing (retrofit) plant  

- power plant technology class (e.g. gas turbine, combined cycle, etc.) 

- fuel (divided in gaseous fuels and solid fuels) 

 

Table 4-1 Possible combinations between power plant technologies and capture technologies. Plus-sign (+) indicates that 

a combination is taken into account in the GeoCapacity-DSS; a minus-sign (-) indicates that it is not taken into 

account. An asterisk (*) indicates that the capture modules makes a distinction between gaseous and solid fuels. 

For all combinations, an additional distinction is made between capture installations for new power plants and 

capture installations as retrofits. 

 
post-

combustion 

pre-

combustion 
oxy-fuel high-purity 

Steam turbine or boiler (*) + – + – 

CHP (*) + + + – 

Combined Cycle (*) + + + – 

Internal combustion + – – – 

Gas turbine + + – – 

Fuel cell – – – – 

 

                         
2 At the moment, for industrial (non-power) installations only the post-combustion and pure CO2 capture 

options are available. 
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Not all combinations of plants and capture technologies are possible or logical. Table 4-1 and Table 

4-2 give an overview of combinations taken into account in the GeoCapacity-DSS. At the moment 

we have left out power production using fuel cell technology, since there are too many uncertainties 

in the data to be able to provide estimates for the necessary parameters.  

 

In the next sections, a description is given for each capture technology on the main conditions taken 

into account in the calculation module. We address also the items that can be adjusted by the user in 

case additional, updated information is available. 

4.1.1.1   Post-combustion capture from flue gases of industrial processes 
For the post-combustion capture from industrial flue gases (other than from power plants) it is 

assumed that the capture technology is based on the chemical absorption process using amines. For 

some industries, high-purity CO2 streams might be readily available for capture, see Table 4-2. The 

post-combustion capture process uses on commercial scale proven technology and. The capture 

module uses default values stored in the database with characteristics of the industrial sources of 

CO2. The main conditions that determine energy use, CO2 emissions and capture, and economics in 

the capture module are: 

• Concentration of CO2 in the flue gases. In general the higher the concentration of CO2 in the 

flue gases, the lower the heat requirement and the investment for the capture process. 

Industrial processes producing high-purity CO2 (for instance ammonia production) 

generally require small investments. 

• Pressure of the flue gases. In general the higher the pressure of the flue gases, the lower the 

heat requirement and the investment for the capture process.  

• Share of the emissions that can be treated. Depending on the type of plant, not all CO2 is 

released in a way it can be subject to capture. The user can decide to treat only a part of the 

emissions instead of all emitted CO2.  

• Energy use for the capture process. This can be fuel use, heat or electricity (see Ad 1). 

• Availability of waste heat. Depending on the type of industry, low-temperature (waste) heat 

might be available for the capture process. In some cases low-temperature heat can be 

derived from nearby facilities (see Ad 2). 

Table 4-2 Possible combinations between non-power plant technologies and capture technologies. Plus-sign (+) indicates 

that a combination is taken into account in the GeoCapacity-DSS; a minus-sign (-) indicates that it is not taken 

into account. 

 
post-

combustion 

pre-

combustion 
oxy-fuel high-purity 

Ammonia + – – + 

Cement + – – – 

Chemicals (other) + – – + 

Ethylene + – – – 

Ethylene oxide + – – + 

Hydrogen + – – + 

Iron & Steel + – – – 

Non-iron metals + – – + 

Oil & Gas processing + – – + 

Paper & Pulp + – – + 

Refineries + – – – 

Other + – – + 
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• Boiler efficiency.  

• The CO2 produced associated with the energy use for capture process is taken into account:  

o CO2 produced from fuel use is recovered with the same % (recovery factor) as the 

original CO2 subject to capture 

o CO2 produced by external generated energy (electricity) is not captured but 

assumed to be emitted to the atmosphere 

• Start of capturing. It is assumed – in the form of learning curves - that capture processes 

become more efficient over the years 

• Investment costs for capture unit (fans, absorption unit, desorption unit, piping, reboiler, 

heat exchangers, reclaimer unit, design construction, etc.) 

• Annual costs (operation and maintenance costs, material costs, fuel costs, electricity costs). 

 

Ad 1. Energy use in capture process from post combustion sources  
Based on information from manufacturers, interviews and literature a heat requirement fit for CO2 

capture process is developed. The heat requirement varies with CO2 concentration in the flue gases 

and ranges from about 4 MJ/kg at low concentrations to about 2.8 MJ/kg for carbon dioxide 

concentrations in the flue gases of 20% and higher. The constructed fit on the heat requirement 

versus carbon dioxide concentration dependency is depicted in Figure 4.1 This fit is constructed for 

capture installations, which are well integrated with the basic plant operations. When the capture 

installation is constructed in an existing plant (retrofit), normally a less heat efficient system can be 

implemented. In the case of retrofit, we assume that the heat requirement increases with about 30% 

compared to an optimal integration.  

Power consumption is related to the concentration of the carbon dioxide in the flue gases (lower 

concentrations results in higher amounts of flue gas compression) and to the amount of solvent to be 

pumped. Specific electricity consumption is modeled as: 

 

Specific electricity consumption = 20 + 400/(%CO2 in flue gas) [kJe/kg CO2] 
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Figure 4.1 Heat requirement fit for amine-based capture process of carbon dioxide from flue gases for maximum heat 

integrated systems. 
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Table 4-3. Investment costs for capture unit at standard conditions and standard size (80 kg/s); and waste heat availability 

in industry 

Industry Specific investment 

(M€/kg/s of carbon dioxide 

captured) 

Available waste heat 

(%) 

Iron and steel (integrated) 3.0 40% 

Iron and steel (other) 3.0 20% 

Cement 3.0 30% 

Ammonia 2.6 20% 

Oil and gas processing 3.0 10% 

Refineries 3.0 40% 

Hydrogen production 2.6 20% 

Ethylene production 2.6 20% 

Ethylene oxide production 2.6 20% 

Pure CO2 streams 0.1 not relevant 

 

Ad 2. Waste heat availability at industrial sources 
The availability of waste heat varies per type of industry and per industrial site. Large energy 

consuming industries like iron and steel industry and cement industry generally do have access to 

large amounts of low-temperature heat, without appropriate use.
3
 Other industries like oil and gas 

processing or ammonia industry do normally have substantial less surplus of low-temperature heat. 

Standard figures per industry are generated. This number is expressed in percentage of waste heat 

required. Assumed is that the availability is proportional with the emission of CO2 (i.e. related to the 

size of the plant). Table 4-3 shows the standard availability percentages of waste heat per industry as 

is implemented in the GeoCapacity-DSS. 

In exceptional cases, e.g. at remote oil recovery facilities (EOR) there is the potential of obtaining 

fuel at no or at very low costs in the form of solution gas that would otherwise be flared. This could 

also be considered as available ‘waste heat’ in the model. 

 

Ad 3. Investment costs capture unit 
The investment costs are dependent on the size of the equipment, the concentration of CO2 in the 

flue gas, and the learning rate. For a capture unit recovering 80 kg carbon dioxide per second from 

flue gases with 7% carbon dioxide, the specific investment costs (cost per kg of CO2 captured per 

second) are estimated at 2.6 M€ for each kg/s of carbon dioxide captured for the ammonia, hydrogen 

production, oil and gas production, ethylene and ethylene oxide production. For the other industries 

(iron and steel, cement, and refineries) the investment costs are estimated at 3.0 M€ for each kg/s of 

carbon dioxide captured. For sources with pure carbon dioxide the investment is estimated at 0.1 

M€/(kg/s). Doubling of plant size may lead to a substantial reduction in specific plant costs. 

Generally speaking, for large chemical installations doubling plant size may lead to increase of 

capital investment between 40 and 70%. Figure 4-2 depicts the modelled relationships for capture 

unit size versus specific capital investment, and CO2 concentration in flue gas versus specific capital 

investment, respectively.  

                         
3 For the Rotterdam-Rijnmond area in the Netherlands it has been calculated that yearly 7 PJ of 

HP/MP/LP (high, middle and low-pressure steam) ‘waste’ heat is available. This equals to 10% of the 

heat requirement if ALL carbon dioxide from industrial sources in this area would be recovered. A further 

9 PJ of VLP (very low-pressure steam) is available and over 36 PJ of heat water (100 °C or higher) 

[Rooijers, 2002]. In addition, heat can also be extracted from the low-pressure section of the steam 

turbine (from e.g. CHP units). The availability of waste heat within a plant, however, is site specific and 

may also depend on adjacent industries. In this study a conservative percentage of 20% availability of 

waste heat for total heat requirement has been assumed. 



 

Page 19 

 

 

 

D30 

 

Ad 4. O&M costs and energy costs 
The operation and maintenance costs consist of labour costs and material costs (solvent and additives 

consumption, disposal of spend materials). The fixed O&M costs are estimated at 3% of the initial 

investment costs. In addition a variable O&M costs factor can be used. This factor takes the 

operational time into account. This factor varies from 4 to 6% of investment costs (on full capacity) 

and depends on the type of installation. Table 4-5 shows the costs for energy carriers and their 

carbon dioxide emission factor.  
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Figure 4-2 Relationship between capture unit size and relative specific capital costs (top figure), and relationship between 

CO2 concentration in flue gas and relative specific capital costs (bottom figure). 

The user of the DSS may alter the default values. The might be done because the user believes that 

better information on the selected capture process are available, or wants to execute a sensitivity 

calculation. The most relevant items that can be adjusted: 

1. Recovery degree of the process 
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2. Heat requirement of the capture process 

3. Type of fuel used for the capture process (default: main fuel of the industrial source) 

4. Concentration of carbon dioxide in the flue gases 

5. Waste heat availability 

6. Share of emission that is subject to capture 

7. Boiler efficiency 

8. Investment costs for standard size capture unit 

9. Cost and emission factor of fuel 

10. Cost and emission factor of electricity 

11. Fixed operation and maintenance costs  

12. Variable operation and maintenance costs  

Table 4-4. Costs and emission factors for various fuels and electricity productions 

4.1.1.2   Post-combustion capture from flue gases of power plants 
For the post-combustion capture from flue gases from power plants, it is assumed that the capture 

technique is based on the chemical absorption process using amines. This capture process uses on 

commercial scale proven technology and is economically attractive. The capture module uses default 

values stored in the database with characteristics of the industrial sources of CO2. The main 

conditions that determine energy use, CO2 emissions and capture, and economics in the capture 

module are: 

• Type of power plant (i.e. concentration of the carbon dioxide in flue gases), e.g. gas turbine, 

combined cycle, etc.  

• Efficiency loss due to the capture process (steam is extracted from the LP-turbine) 

• Full integration of the capture unit in the (existing) power plant (Ad 5) 

• The carbon dioxide produced by energy required for capture process is taken into account 

• Carbon dioxide from fuel use is recovered with the same percentage as the original 

produced carbon dioxide 

• Electricity use for capture process is obtained from internal plant production. 

• Investment costs for capture unit (fans, absorption unit, desorption unit, piping, reboiler, heat 

exchangers, reclaimer unit, design, construction, etc.) (Table 4-3)  

 

Energy carrier Emission factor 

(kg CO2/GJ) 

Price 

(€/GJ) 

Natural gas 56 7 

LPG 66 7 

Coal (power plants) 100 2.5 

Coal (other) 94 2.5 

Lignite 103 2.5 

Oil 76 7 

Heavy fuel oil 77 7 

Waste heat 0 1 

Refinery gas 46 7 

Biomass/waste 0 3 

Unknown fuel 80 7 

Electricity from wind 0 30 

Electricity from grid Country dependent Country dependent 

Electricity from biomass 0 30 
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Ad 5. Integration of capture unit into a power plant 
A CO2 capture unit can be added to a power plant without major changes in the design of the plant. 

The heat for the capture process is obtained by extracting low-pressure steam from the steam cycle 

of the power plant. Because less steam is available in the low-pressure turbine to produce electricity, 

the net efficiency of the power plant decreases. Removing of SOx/NOx might be required (depending 

on fuel and sulphur content) and might have a (small) negative impact on plant efficiency. Removal 

efficiency will have an optimum where the cost of consumables (mainly the amine solvent) 

outweighs the additional capital investment needed for the SOx/NOx removal. 

 

The reduction in plant efficiency due to capture of CO2 depends on many factors. An important 

difference between coal-fired plants and gas-fired plants is that the former emit more carbon dioxide 

per kWh, while the gas-fired plants are generally more energy efficient. Other factors as availability 

of space (onshore, offshore), possibilities to integrate the capture system in the plant system, sulphur 

content in the fuel, position of the plant (inland or coastal) all influence the eventual efficiency 

penalty. Many of these factors are not known for all of the inventoried power plants. Based on the 

results of studies undertaken the last two decades, an estimate of energy efficiency decrease of 

power plants has been made (see Table 4-5). 

 

Ad 6. Investment costs capture unit 
The investment costs depend on the size of the equipment, the concentration of CO2 in the flue gas, 

and the learning rate. For a power plant of 500 MWe, the specific investment costs (cost per kg of 

CO2 captured per second) are shown in Table 4-5. 

Table 4-5. Loss in efficiency by capturing carbon dioxide (at 100% capture base) and investment cost capture unit for 

500 MWe power plant using amine-based capture technology for various type of power plants. Retrofit efficiency 

loss values are assumed to be 2% higher than new values reported in this table. Retrofit investment costs are 

assumed to be 30% higher than new values reported in this table. 

Type of power plant Efficiency loss 

post-combustion 

capture 

(%) 

Investment 

capture unit 

 

(M€/(kg/s)) 

Steam turbine or boiler (solid fuels) 10.0% 3.4 

Steam turbine or boiler (gaseous fuels) 6.5% 2.7 

CHP (solid fuels) 10.0% 3.4 

CHP (gaseous fuels) 8.0% 2.7 

Combined cycle (solid fuels) 9.0%  3.7 

Combined cycle (gaseous fuels) 8.0% 3.7 

Internal combustion (all fuels) 2.5% 7.9 

Gas turbine (all fuels) 2.0% 6.7 

 

Ad 7. O&M costs and energy costs 
The operation and maintenance costs consist of labour costs and material costs (solvent and additives 

consumption, disposal of spend materials). For chemical absorption unit these fixed O&M costs are 

estimated at 4% of the initial investment costs. In addition a variable O&M costs factor can be used. 

This factor takes the operational time into account. Default this factor is 2%, 3%, and 4% for natural 

gas-fired, oil-fired and coal-fired power plants, respectively. Table 4-4 shows the costs for energy 

carriers and their carbon dioxide emission factor.  

 

The user of the DSS may alter the default values. The might be done because the user has better 

information on the selected capture process or wishes to perform a sensitivity analysis. The main 

items that can be adjusted: 

• Recovery degree of the process 
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Table 4-6. Loss in efficiency by capturing carbon dioxide (at 100% capture base) and investment cost capture unit for 

500 MWe power plant using pre-combustion capture technology for various type of power plants. Retrofit 

efficiency loss values are assumed to be 2% higher than new values reported in this table. Retrofit investment 

costs are assumed to be 30% higher than new values reported in this table.  

Type of power plant Efficiency loss 

pre-combustion 

capture 

(%) 

Investment 

capture unit 

(M€/(kg/s)) 

Steam turbine or boiler (solid fuels) 9.0% 2.7 

Steam turbine or boiler (gaseous fuels) 9.0% 4.7 

CHP (solid fuels) 9.0% 2.7 

CHP (gaseous fuels) 11.0% 4.7 

Combined cycle (solid fuels) 9.0%  3.3 

Combined cycle (gaseous fuels) 11.0% 4.9 

 

• Emission factor of the fuel used (if different from the default emission factor) 

• Investment cost for standard size power plant 

• Investment costs for standard size capture unit 

• Cost of fuel 

• Cost of electricity 

• Fixed operation and maintenance costs  

• Variable operation and maintenance costs 

• Annual costs (operation and maintenance costs, material costs, fuel costs, electricity costs) 

(Table 4-6) 

4.1.1.3   Pre-combustion capture from power plants 
See Table 4-6. 

4.1.1.4   Oxy-fuel combustion capture from power plants 
See Table 4-7. 

Table 4-7. Loss in efficiency by capturing carbon dioxide (at 100% capture base) and investment cost capture unit for 500 

MWe power plant using oxy-fuel capture technology for various type of power plants. Retrofit efficiency loss 

values are assumed to be 2% higher than new values reported in this table. Retrofit investment costs are 

assumed to be 30% higher than new values reported in this table. 

Type of power plant Efficiency loss 

oxy-fuel capture 

(%) 

Investment 

capture unit 

 

(M€/(kg/s)) 

Steam turbine (solid fuels) 10.0% 3.4 

Steam turbine (gaseous fuels) 6.5% 2.7 

CHP (solid fuels) 10.0% 3.4 

CHP (gaseous fuels) 8.0% 2.7 

Combined cycle (solid fuels) 9.0%  3.7 

Combined cycle (gaseous fuels) 8.0% 3.7 

Internal combustion (all fuels) 2.5% 7.9 

Gas turbine (all fuels) 2.0% 6.7 
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4.1.1.5   Parameter files for capture module 
A number of data files contain all parameters needed by the capture module. The content of these 

files is described here, for users who wish to update the parameter values. It is noted here, that 

updating these values should be done with care, as the location of the different parameters in the files 

is hard-coded in the software.  

 

In addition to the parameters for the capture processes, data on energy cost and specific emission for 

different energy types (electricity grid, wind energy, etc.) is used in the capture module. These data 

are also stored on a data file that can be updated by the user. These energy data are also used by the 

compression module.  

 

A. Capture at power plants. 

Parameters pertaining to capture processes at power plants are stored on the file 

‘captureParametersPower.dat’. Parameters are given for each combination listed in Table 4-1 (72 

combinations in total); all parameters for a specific combination of conversion technology (steam 

turbine, CHP, combined cycle, internal combustion, gas turbine, fuel cell), capture technology 

(postcombustion, precombustion, oxyfuel, high-purity CO2), plant type (new, retrofit) and fuel type 

(solid, gaseous) are given on a single line. The 29 parameters are listed in Table 4-8. 

 

B. Capture at non-power plants. 

The capture parameters for non-power plants are stored in a file ‘captureParametersNonPower.dat’. 

This file has 48 lines, for each combination of industry (ammonia, cement, chemicals (other), 

ethylene, ethylene oxide, hydrogen, iron & steel, non-iron metals, oil & gas processing, paper & 

pulp, refineries, other), CO2 capture technology (post-combustion, high-purity CO2) and plant type 

(new, retrofit). 

If a particular combination is valid (indicated by a 1 as the first value on the line), all parameters 

listed in Table 4-9 are specified. 

 

C. Energy parameters. 

Energy parameters are stored in the file ‘energyParameters.dat’. This file contains emission factors  

and price of the fuel types listed in Table 4-4, as well as specific electricity costs and electricity grid 

emission factors for the EU27. The set-up of the file is given in Table 4-10. 

4.1.2 Compression 
The compressor module calculates energy use, emission characteristics and economics of the 

compression unit. Calculation of electricity use and investment costs is based on (relative) difference 

in pressure (in-out) and flow. The module receives its input information from the capture module, 

from the databases with default values and (optional) from user input. 

 

The captured carbon dioxide needs to be compressed to transport it to a pre-defined storage location. 

The transport is done by pipelines. The default inlet pressure of the pipeline is 12 MPa. A centrifugal 

compressor unit pressurises the carbon dioxide. It is assumed that the compressor unit is a stand-

alone unit, which obtains power from the grid (or an alternative power production source). The 

electricity use contributes to additional emissions of carbon dioxide, and costs are involved. 

Depending on inlet pressure, required outlet pressure and flow, the compression module calculates 

the electricity use, additional carbon dioxide emissions and associated costs (investment costs, O&M 

costs and energy costs). The main conditions that determine these parameters in the compressor 

module calculations are: 

• Size of the captured carbon dioxide stream (retrieved from the capture module) 
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Table 4-8. Parameters listed in file ‘captureParametersPower.dat’. Each line in the file contains these 29 parameters, when 

the first value is 1, indicating a valid combination of conversion technology and capture technology. 

# Description Unit 

1.  possible source – capture technology combination 0 or 1 

2.  Net electric efficiency (not used) w/o CCS 

3.  Net electric efficiency (not used) with CCS 

4.  Efficiency penalty %-points 

5.  CO2 capture efficiency (not used) % 

6.  Total capital requirement (not used) €/kW(2003) 

7.  O&M (not used) €/kW(2003) 

8.  Total capital requirement (not used) €/kW(2003) 

9.  O&M (not used) €/kW(2003) 

10.  Total capital requirement (not used) €/kW(2003) 

11.  O&M (not used) €/kW(2003) 

12.  Base year of costs [-] 

13.  Learning rate CCS capital costs %/yr 

14.  Base year of efficiency loss [-] 

15.  Learning rate efficiency loss (%-points) %/yr 

16.  Specific investment capture (standard conditions) €/(kg/s) 

17.  Factor fixed O&M to investment capture %/yr 

18.  Factor variable O&M to flow capture %/yr 

19.  Correction factor efficiency loss to conc (base conc.) % 

20.  Correction factor efficiency loss to conc (reduction %) % 

21.  Correction factor Investment to size (base capacity) kJe/s 

22.  Correction factor Investment to size (reduction %) % 

23.  Correction factor Investment to conc (base conc.) % 

24.  Correction factor Investment to conc (reduction %) % 

25.  pressure captured CO2 Pa 

26.  temperature captured CO2 K 

27.  percentage of capture investments in year -3 % 

28.  percentage of capture investments in year -2 % 

29.  percentage of capture investments in year -1 % 

 

• Compression is done by a four-step centrifugal compressor. Water is removed during the first 

compression stages. Table 4-11 gives the main characteristics of compressors pressurising to 

120 bar. 

• Electricity is taken from the grid (see Table 4-4 for costs and emission factors). Power 

consumption is calculated by formula (1) below. Table 4-11 presents detailed information on the 

performance of the compressor
4
. 

• Investment costs are calculated by formula (2) below. 

• Operation and maintenance costs are 5% of the investment costs. 

 

                         
4 Tasaki [2002] estimate for a 21 kg/s compressor compression energy of 480 kJ/kg, which is about 16% 

higher than the estimate of Sulzer [1999]. 
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Table 4-9. Parameters listed in file ‘captureParametersNonPower.dat’. Each line in the file contains these 26 parameters, 

but only if the first value is 1, indicating a valid combination of conversion technology and capture technology. 

# Description Unit 

1.  possible source-capt combination 0 or 1 

2.  Minimum partial pressure CO2 Pa 

3.  Maximum partial pressure CO2 Pa 

4.  Share of emission to be treated % 

5.  Waste heat availability as share of total heat required (not 
used) % 

6.  Efficiency conversion fuel to heat % 

7.  Constant for Specific Electricity Use - 

8.  Constant for Specific Electricity Use kJe/kgCO2 

9.  Recovery factor (not used) % 

10.  Specific investment capture (normalised) euro/(kg/s) 

11.  Factor fixed O&M to investment capture % 

12.  Factor variable O&M to flow capture % 

13.  Base value for specific heat requirement kJ/kg 

14.  year of efficiency data - 

15.  Efficiency Loss reduction per year % 

16.  Correction factor efficiency loss to conc (base conc.) Pa 

17.  Correction factor efficiency loss to conc (reduction %) % 

18.  year of cost data - 

19.  Correction factor Investment to size (base capacity) units/h 

20.  Correction factor Investment to size (reduction %) % 

21.  Correction factor Investment to conc (base conc.) % 

22.  Correction factor Investment to conc (reduction %) % 

23.  Cost improvements per year % 

24.  percentage of investments in year -3 % 

25.  percentage of investments in year -2 % 

26.  percentage of investments in year -1 % 

Table 4-10. Parameters listed in file ‘energyParameters.dat’. 

Line range Parameter Description Unit 
1 through 13 

Emission factor fuel 
Emission factor for the fuels listed in Table 4-4 (same order 
of fuels used) kgCO2/kJ 

14 through 26 

Fuel cost 
Cost of the fuels listed in Table 4-4 (same order of fuels 
used) €/kJ 

27 through 58 

Specific electricity 
cost 

Cost of electricity in the EU27 plus additional countries. 
Order used: 

1 AT 10 DE  19 NL 28 NO 

2 BE 11 EL 20 PL 29 AL 

3 BG 12 HU 21 PT 30 BA  

4 CY 13 IE 22 RO 31 HR 

5 CZ 14 IT 23 ES 32 MK 

6 DK 15 LV 24 SK 

7 EE 16 LT 25 SI 

8 FI 17 LU 26 SE 

9 FR 18 MT 27 UK €/kJ 
59 through 90 Emission factor of 

electricity grid 
Emission factor of electricity from grid in the EU27 
(depends on power generation) kgCO2/kJ 
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E electricity use (kJe/kg) 

Poutlet  outlet pressure (Pa) 

Pinlet  inlet pressure (Pa) 

Ce1 constant (87.85 kJe/kg) 

F CO2 flow (kg/s) 

with: 

I total investment costs (M€) 

C1 constant (0.1 10
6
 €/(kg/s)) 

C2 constant (-0.71) 

C3 constant (1.1 10
6
 €/(kg/s)) 

C4 constant (-0.60) 

 

Ad 8. Investment costs compressors 
Investment costs for compression depend on the compression ratio and the (peak) flow. Reported 

costs on compression of carbon dioxide vary significantly. Figure 4-3 gives an impression of the 

range of the specific investment costs. The figure is based on reported information provided by 

manufacturers and information found in literature. The solid line in Figure 4-3 shows the 

compression costs (in k€ per kg/s) as function of the peak capacity of the compressor. This fit is used 

in the cost calculations of the DSS. 

 

Table 4-12 presents an overview of the compression parameters file.  

Table 4-11. Operational conditions for compression from 1 to 120 bars for a compressor with a capacity of 70 kg/s [Sulzer, 

1999]. 

0.1 to 12 MPa First stage Second stage Third stage Fourth stage 

Inlet/outlet pressure (bars) 1/3.8 3.8/10.3 10.2/38.3 120 

Inlet/outlet temperature (°C) 30/155 35/128 35/165 35/152 

Polytropic efficiency 85.4 84.7 83.6 76.8 

Compression energy (kJ/kg CO2) 416 
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Figure 4-3 Compression costs from literature (dots) and the relation used in the DSS for compression from 1 to 120 bars 

(solid line). 
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Table 4-12 Compression parameters file (‘<scenariodirectory>\Expertdata\compressionParametes.dat’) 

Line Parameter Value 

1 constant for calculation investment cost 1.1 M€/(kg/s)² 

2 constant for calculation investment cost 0.1 M€/(kg/s)² 

3 constant for calculation investment cost -0.6 [-] 

4 constant for calculation investment cost -0.71 [-] 

5 constant for calculation electricity use 87.85 kJe/kg 

6 outlet pressure 120 bar 

7 outlet temperature 0 °C 

8 minimum flow rate 30 kg/s 

9 maximum flow rate 150 kg/s 

10 factor fixed O&M to investment  5% 

11 factor variable O&M to investment  0% 

12 percentage of investments in start year – 3 80% 

13 percentage of investments in start year – 2 20% 

14 percentage of investments in start year – 1 0% 

4.2 Storage 

4.2.1 Storage capacity 
The storage capacity is listed in the EU Geocapacity database and can be used directly in the 

economic tool. For depleted gas or oil fields, the method of computing CO2 storage capacity is 

straightforward: it is assumed that the volume of CO2 that can be injected is given by the extracted 

volume of oil or gas. The database contains additional fields that allow the relation between 

produced volumes and CO2 storage capacity to be recomputed, as well as to estimate the associated 

uncertainty. Storage capacity calculations use the total proven production, the volume factor and the 

density of CO2 to recompute the storage capacity. Pressure and temperature values determine the 

CO2 density, using the data given by Span & Wagner (1996). 

 

For aquifers, the method of computing the quantity of CO2 that can be injected was established after 

the database was filled. As a result, the aquifer capacity values reported by different countries differ 

in the underlying algorithm and are, in general, too optimistic. In the case of aquifers, the database 

contains parameters that allow a more exact capacity computation. It is advised, when sufficient data 

is available, to recompute the storage capacity for all aquifers in the CCS scenario with the more 

exact algorithm. 

 

Three algorithms are provided for the estimation of aquifer storage capacity, with increasing level of 

complexity. 

- Use the capacity value listed in the database. As mentioned above, this may lead to 

optimistic capacity estimates and inconsistencies in the underlying approach. 

- Use a fixed percentage of the available pore volume. This volume is given by  

V = π R² h φ NG Sw [m
3
] 

where R is aquifer radius (database field “RADIUS”), h reservoir thickness (“HEIGHT”), φ 

porosity (“POROSITY”), Sw the irreducible water fraction or connate water fraction 

(“SWC”), NG the net-gross ratio (“NET2GROSS”). It should be stressed here that the 

database field “RADIUS” is interpreted as representative for the total hydraulically linked 

aquifer volume. It should not just be the size of the trap. The size of the hydraulically linked 

aquifer structure should be derived from geological maps, well information, etc. 
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The mass of CO2 that can be stored given by 

MCO2 = ρCO2 f V [MtCO2] 

where ρCO2 is the density of CO2 at reservoir conditions and f is the fraction of the pore 

volume that can be created for CO2. Typical values for f are in the range of 1% [vd Meer & 

Egbert, 2008;, Zhou et al., 2008]. 

The database also contains the size of the structural trap that is to contain the free CO2. The 

fraction of the pore space inside the trap occupied by the CO2 is computed; if it is larger 

than 1, the amount of CO2 that can be stored in the aquifer is given by the available pore 

volume in the trap. 

- The third option is to compute the storage space created for CO2 through compression of the 

pore fluids. In this algorithm, the value of the parameter f is computed, rather than given. 

The volume V is computed according to the expression given above. The value of f depends 

on the compressibility of pore fluids and the overpressure applied to the aquifer. At this 

time, there are no general rules for the overpressure that can be applied to a given aquifer. A 

site-specific study needs to be made of the reservoir rocks and the overlying seal rock and 

their response to increasing pore pressure. Van der Meer [reference?] has made a 

compilation of leak-off pressures for North Sea reservoirs, which can be used as an 

indication of the pressure increase that leads to fracturing of the reservoir rock. At depths 

between about 1 km and 4 km, leak-off pressures are about 20% above the hydrostatic 

pressure. suggesting that a 10% pressure increase as a safe upper limit for the average 

reservoir pressure. It is noted, that close to the injection point, pressures may be higher than 

10% above hydrostatic. In addition, a site-specific study of the geomechanical properties of 

reservoir and seal is required to establish a safe upper limit of overpressure; the value of 

10% is only suggested as a first-order estimate of such a limit. 

 

The value of f is then given by 

f = c ∆p 

where c is the compressibility of pore fluids, in units of Pa
-1

 of bar
-1

 (database field 

“COMPROCK”) and ∆p is the pressure increase in the reservoir, in units of Pa or bar, after 

injection (given by the database fields “RESPRESS”, the current pressure, and 

“MAXPRESS”, the maximum allowable reservoir pressure, in units of bar in the database). 

With c typically 5·10
-10

 Pa
-1

 (5·10
-5

 bar
-1

), and ∆p in the range of 1 – 4 MPa (10 – 40 bar; 

i.e., a 10% pressure increase for reservoirs at depths of 1 – 4 km), f is in the range of 0.01 – 

0.04%. 

In this algorithm the space in the structural trap is also computed and compared with the 

storage capacity. The fraction of the pore space inside the trap occupied by the CO2 is 

computed; If the amount of CO2 that could be stored, based on the total aquifer volume, does 

not fit in the trap pore volume, the amount of CO2 that can be stored in the aquifer is given 

by the available pore volume in the trap. 

4.2.2 Injection rates 
As far as the geological properties of a reservoir are concerned, the storage volume and injection rate 

are the key parameters that determine whether a reservoir is useful for CO2 storage. Similar to the 

computation of storage volume, two algorithms are provided for the computation of injection rates. 

1. The first option is to use fixed rates that are input by the user. Typical values for injection 

rates are 0.5 – 1 MtCO2/yr for depleted gas fields and lower values for aquifers (0.2 – 

0.4 MtCO2/yr). These values are used for a single well, independent of the CO2 level inside 

the reservoir. In the source – sink match algorithm (section 4.3), the maximum number of 
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wells is input by the user. (Note: the number of wells can not exceed the maximum number 

of wells given in the input file ‘Projectfile.txt’ in the project directory.) 

2. The second option allows a more exact estimate of injection rates to be obtained.  

 

The injection rate q and injection time T are calculated in the capture module and are passed 

through to the storage module. The injection rate q is assumed to be constant during the 

injection time T. Given these parameters the injection module determines the smallest 

number N of wells such that the well bore pressure pw does not exceed the a priori given 

upper bound pmax e.g. the leak off pressure.  

 

The well injection rate is computed with an algorithm that was introduced in the GESTCO 

model. The algorithm model uses reservoir parameters (permeability, thickness, etc.) to 

compute injection rates. A mass balance is computed at every (one-year) time step to take 

into account the increasing average pressure in the reservoir (with the implicit assumption of 

pressure relaxation within a single time step).  

As a first step, injection curves are computed that give the maximum injection rate as a 

function of the fill fraction of the reservoir, for one to three wells. Boundary conditions are 

the bottom hole pressure, which is assumed to be equal to the maximum reservoir pressure 

given in the input data. The pressure difference between the bottom hole pressure pw and the 

average reservoir pressure pres,av  gives the maximum injection rate q, for a single, fully 

penetrating well at the symmetry axis of a cylindrical reservoir: 
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where µ is CO2 viscosity, kh reservoir permeability, h reservoir thickness and J is called the 

injectivity index. The model uses look-up tables for CO2 viscosity and density derived from 

Span & Wagner [1996]. The time-dependent average reservoir pressure pres,av can be 

calculated from the material balance (taking injection rate q positive) 

 ttqtptpcAh iiavresiavres ∆=− −− )())()(( 11,,ϕ     [2] 

where c is effective compressibility, A reservoir area, φ porosity and ∆t is the time step (1 

year). These two relations are initiated at t=0. The result is the maximum injection rate, as a 

function of average reservoir pressure, or, equivalently, reservoir fill fraction.  

 

The parameters re and rw in expression [1] are the effective reservoir radius and well radius, 

respectively. The value of re depends on the number of wells used. For one well, re is equal 

to the reservoir radius as given in the database. For two or more wells, it is assumed that 

each well is connected to a correspondingly smaller fraction of the reservoir volume, 

assuming a cylindrical reservoir volume for each well. For large reservoirs, this also 

implicitly assumes that wells are spaced far apart. Currently, the number of injection wells 

considered is up to value specified in the ‘Projectfile.txt’ file (this value can be 

edited by the user). The algorithm always computes the (maximum) injection rate curve for 

a single well. Curves for two or three wells are computed only when the increase in total 

injection rate is larger than a user-defined amount (this is the input parameter 

‘well_relative_efficiency’). As a rule of thumb, increasing the number of wells in a good 

reservoir does not significantly increase the total injection rate, whereas it does help for 

reservoirs with low injection rates. In the former case, the cost of additional wells is 

probably not worth the increase in stored volume, while in the latter case it may not be 

economically feasible to use the reservoir at all.  
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When CO2 is injected into an aquifer or an abandoned hydrocarbon reservoir a growing 

zone around the well exists with different mobility than the replaced fluid. To account for 

the two-mobility zones the pressure equations in the two zones are coupled.  

 

The CO2 compressibility is mainly pressure dependent for temperatures above 60 °C while 

the CO2 viscosity is mainly temperature dependent and, to a much lesser extent, pressure 

dependent. The adjusted two-phase mass balance equation is of the same form as form as 

Equation [2] where the compressibility coefficient c is replaced by saturation weighted fluid 

compressibility vr ccc +=  with 
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Notation 

c:  compressibility   [1/Pa] 

cr:  rock compressibility  [1/Pa] 

cw:  water compressibility  [1/Pa] 

cc:  CO2 compressibility  [1/Pa] 

φ:  porosity    [-] 

µ:  viscosity   [-] 

PV:  pore volume   [m
3
] 

Vc:  volume of injected CO2  [m
3
] 

 

It is noted here that in the above expressions for the injection rate, the effect of the well 

completion is not included. Current practice for depleted gas fields is to use production rate 

data to calibrate related flow parameters related to the well and the well completion in 

injection rate expressions. For aquifers, well tests should be performed to obtain such data. 

 

The validity of the method outlined above has been tested in the GESTCO project. A 

comparison between the expressions given above and injection rates computed with a 

industry-standard reservoir simulator are given in the GESTCO report [Egberts et al., 2003].  

4.2.3 Cost calculations 
The calculation of storage cost includes site development (for onshore locations) or platform 

construction (for offshore storage locations) and drilling cost. Additional costs, such as site 

surveying cost, feasibility studies or monitoring costs can be included either in the site development 

or platform construction cost, or in the operation and maintenance cost. The construction period of a 

platform or of an onshore site is used to spread the total cost over the specified number of years. 

Wells are assumed to be drilled and completed in one year. The source – sink matching algorithms 

(see next section), provide the start year for each storage location; the site development costs are 

incurred in the year prior to the start year. 

4.3 Source - sink matching 

Although the user has performed a (simple) source – sink match in the web application, the match 

must be repeated in each Monte Carlo run. The match algorithm computes the flow of CO2 from the 

sources to the sinks: it determines the order in which the sinks are used and computes the CO2 fluxes 

for each of the sinks throughout the lifetime of the scenario. The capacities, injection rates and start 

years of the sinks determine whether all CO2 captured at the sources can be stored. 



 

Page 31 

 

 

 

D30 

 

The user has the choice between two algorithms for the selection of sinks: sink size and sink 

distance. In both algorithms, sinks are ordered first by the year they become available. As a second 

step, in a given year the available sinks are sorted by their storage capacity or by the distance from a 

particular source. 

1. Sink size. In this algorithm, available sinks are ordered by their storage capacity. When a 

new sink is needed, the largest sink is chosen. This is reasonable from the point of view of 

minimising site development costs, but may lead to large, remote sinks being developed 

earlier than smaller, nearby sinks, generating high transportation costs early in the CCS 

project. In each year of the scenario, the total volume of captured CO2 is distributed over the 

sinks, regardless of source – sink distance. 

2. Sink distance. This algorithm orders sinks by the distance from a given source, measured 

along the network. This algorithm may lead to nearby, relatively small sinks being 

developed first, leading to new sinks to be developed soon after that. In general, this 

algorithm results in lower transport costs, as the construction of the longer pipelines is 

delayed. In this algorithm sources are connected to a number of sinks, which are chosen on 

the basis of source – sink distance. 

 

The result of the source – sink matching is the following, for each Monte Carlo run: 

• the maximum expected flow through each network segment (this defines the segment’s 

size); 

• the start and end year of operation of each network segment (this defines when investments 

and operational costs are incurred); 

• the start and end year of injection for each sink (these define the timing of sink development 

and operational costs); 

• the number of wells used throughout the scenario lifetime for each sink (this determines the 

number of injection sites required); 

• the year of first use for each well, for each sink (this determines the timing of drilling costs); 

• the injection rates, cumulative stored volume and fill fraction for each sink; 

• the total volume of CO2 injected; 

• the amount of CO2 not stored (if any) throughout the scenario lifetime (this occurs if in any 

given year the total injection rate is insufficient for the total captured yearly volume of CO2, 

due to unavailable, (nearly) full or tight storage reservoirs). 

4.4 Transportation 

The CO2 is transported from sources to sinks through a network of pipelines. The network is 

generated using an algorithm that finds the shortest connections between every source and every 

sink. The connections can be either direct or indirect, i.e. connections that use already existing 

pipelines. 

 

Once the network is generated, the size of the pipeline segments can be adjusted (or changed, during 

the network update process) to the maximum expected flow of CO2. When the pipe diameter is 

known, the costs of the network can be calculated. The pipeline costs are accumulated to determine 

the total cost of the network (the investment, and the operational costs), for each year of the scenario. 

4.4.1 Route selection 
The network is generated using a stepwise approach – every source-sink connection is created in a 

single step (it is the shortest connection from all the possibilites examined within the step). The first 

connection is created quite simple – the algorithm iterates through all sources and for every source it 

iterates through all sinks, checking which direct connection is the shortest. Once there is at least a 
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single direct connection, next connections can be created using the already generated pipelines – the 

algorithm looks for a shortest one including the direct ones and those which use existing pipelines. 

The indirect connections are determined by connecting to some existing pipeline (again, all the 

pipelines are checked) and recursively searching the destination sink. 

 

Before the algorithm for a given source (Source) and a given destination sink (DestSink) can be run, 

a few things have to be checked. For each pipeline p: 

• it is checked whether p is already connected to the Source (either directly or through one 

other pipe); if not, then: 

• it is checked whether it is possible to connect to p by creating a junction in it (the pipe that 

would connect the Source with p will be perpendicular to p); if that is possible, then create 

the junction and the connecting pipe; if not: 

• connect to p using its starting nodal point. 

 

After the above steps are made, the starting parameters for the recursive algorithm are determined. 

The parameters are a starting pipe and a starting nodal point. 

At the beginning of a recursive function there is a starting pipe, and a nodal point cameFrom, from 

which the algorithm ‘goes into’ the pipe. The other end of pipe is called goesTo. The following is 

done: 

o it is checked whether goesTo refers to DestSink; if it does, then a new path has been found. The 

length of the new path is compared to the length of the shortest path already found; if the new 

one is shorter, then store it in ShortestPath (an object that stores information about the shortest 

path) and return.  

o if DestSink has not been reached yet, then: 

o it is checked whether it is possible to create a direct connection from pipe to DestSink by 

creating a junction in pipe (the additional pipe would be perpendicular to pipe); if it is 

possible, then check the length of this option (and compare the length with the shortest 

length so far. If it’s shorter, then store the new path in ShortestPath); 

o Then, all possible connections through other pipes connected to goesTo are checked – for 

each pipe p (excluding pipe) the recursive function calls itself with goesTo and p as 

parameters; 

o After checking all pipes connected to goesTo, we check a direct connection from goesTo to 

DestSink. After this step the recursive function ends. 

 

After finishing the recursive algorithm, the ShortestPath stores a description of modifications which 

have to be made to the network if we want to actually create the shortest connection. 

 

The whole procedure is repeated for all possible source-sink pairs – for each of them the shortest 

connection is being looked for (the ShortestPath information are being generated) and then the 

shortest is selected. 

 

This way a network consisting of the shortest connections is generated and it can be altered by the 

user, and then transported to the local application in order to make other calculations (determining 

the pipe diameters and network costs).  

4.4.2 Cost optimisation of the pipeline 
The cost of every pipeline is based on several physical and economical factors. First of all, the 

diameter of the pipeline has to be calculated. It depends on how much CO2 has to be transported in a 

time unit – there are two factors that have influence on that: flow (the maximum amount of CO2 

transported in a time unit) and density of the transported gas. The formula for the diameter d is: 
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where: 

  ρ density of the CO2 [kg/m
3
] 

  q flow [kg/s] 

  C1 through C6 constants 

The factor 1.5 is the assumed flow velocity throught the pipeline, in m/s. Both the diameter and the 

length of the pipeline must be known. The investment follows from these two parameters: 
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The total cost for a single pipeline is determined from the formula: 
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where: 

 C total costs [€] 

L  length [m] 

LF percentage of time pipeline network is utilized full capacity (based on full load 

hours) 

Ipipes investment of the pipelines forming the grid 

Ibooster investment of booster station for recompression CO2 during transport 

OMpipes operation and maintenance of pipeline system (3% of investment) 

OMbooster operation and maintenance costs of booster stations, excl power (5% of 

investment) 

r discount factor 

 

While modifying the network (setting the thicknesses of pipelines in order to make it possible to 

transport the CO2) it is possible to determine costs of different configurations of the thicknesses (as 

the topological structure doesn’t change once it has been generated). The costs of those 

configurations are compared and the cheapest one is chosen. This is being done in a recursive 

manner. The algorithm begins from a source and checks all pipes connected to it. For each pipe p 

connected to the source the following steps are done: 

• Check whether the other ending (“goesTo”) of the pipe is a sink; if it is, then store as much flow 

as possible at that location; 

• Recursively go into all pipes connected to goesTo (excluding  p) and do the same; 

• When finishing the function, update the pipe’s flow (thickness) taking into account the values of 

flow stored in all sinks found in all subsequent calls to the recursive function; 

• Return a list of sinks to which the flow has been stored (and the actual amount of the stored flow 

in each of the sinks). 

 

This procedure is repeated for all sinks in the network. The procedure is depicted Figure 4-4.  



 

Page 34 

 

 

 

D30 

 

Figure 4-4  The network modification algorithm: a) the initial network, b) before the network is modified, the pipe 

thicknesses are set to 0, and new capacities for the sinks are generated, c) the network is modified – the CO2 

produced in some sources is now being transported to other sinks than previously. 

4.4.3 Network update 
The lay-out of the network is fixed in the Monte Carlo runs. Allowing each Monte Carlo run to 

generate a new network would result in long computation times, as either the user would have to edit 

each network manually, or an automatic algorithm would have to solve the complex many-on-many 

network optimisation problem. The solution chosen here is to update only the size (diameter) of the 

pipelines in each Monte Carlo, using the flow rates that follow from the source – sink match 

algorithm. 

 

The network structure is transferred from the internet application through a simple data file that lists the number of pipes in 

the network and their length. Table 4-13 gives the structure of the file ‘networkElements.dat’. The required data 

is the number of network nodes, which can be pipeline end points (sources, sinks) or pipeline intersections 

(network nodes). The distance through the network between sources and sinks is stored in a file ‘Distances.dat’; 

see  

Table 4-14. 

 

Parameters for the transport module are stored in a data file, that is created for each scenario 

(‘<scenariodirectory>/Expertdata/transportParameters.dat’). The content of the file is given in Table 

4-15. 

Table 4-13 Network data file structure (file ‘<scenariodirectory>\Expertdata\networkElements.dat’). 

Line  Parameter 

1 Npts Number of pipeline endpoints = sources 

+ sinks + network nodes 

2 – (Npts+1) ID Endpoint ID: source ID, sink ID or node 

ID 

Npts + 2 Npipes Number of pipelines (= connections 

between sources, sinks and nodes) 

(Npts+3) – (Npts + 2  

   

  + 

Npipes) 

pipeID, startID, 

endID, L, f 

pipeID  = pipe identifier 

startID  = ID of pipe start point 

endID  = ID of pipe end point 

L = length (km) 

f = % of onshore pipeline for this 

  segment 

c) 

 

a) 

 

b) 
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Table 4-14 Network source – sink distance file ‘<scenariodirectory>\Expertdata\Distances.dat’). 

Line Parameter  

1 – Nsources DistanceSink1, DistanceSink2, … Distance through network to 

all sinks (km) 

Table 4-15 Content of the file ‘<scenariodirectory>/Expertdata/transportParameters.dat’, that contains parameters used in 

the calculation of transport costs. 

Line Parameter Onshore Offshore 

1 CO2 density 800 kg /m
3 

2 Pumping efficiency of booster station 75% 

3 Pressure difference at booster station 4·10
6
 Pa 

4 Transport velocity 1.5 m/s 

5 Average booster station distance 200 km 

6 Correction factor for real pipeline length 130% 

7 Load factor 90% 

8 O&M factor for pipeline 3% 

9 O&M factor for booster station 5% 

10 Terrain factor 120% 

11 Booster station cost 8.75 M€ 17.5 M€ 

12 Pipeline investment constant 1 0.067 [-] 0.4048 [-] 

13 Pipeline investment constant 2 1.8663 [-] 4.6946 [-] 

14 Pipeline investment constant 3 0.00129 [-] 0.00153 [-] 

15 Pipeline investment constant 4 0 [-] 0.0113 [-] 

16 Pipeline investment constant 5 0.000486 [-] 0.000511 [-] 

17 Pipeline investment constant 6 7·10
-6

 [-] 0.000204 [-] 

18 % of investments in start year – 3 70% 70% 

19 % of investments in start year – 2 15% 15% 

20 % of investments in start year – 1 15% 15% 

 

 

4.5 Cost module 

The cost module is an input module for data on infrastructure construction: 

1. Platform construction cost (onshore: represents the development of a site into a CO2 

injection facility) and offshore (cost of constructing a new platform, or of adapting an 

existing platform to handle CO2)). This parameter can include the cost of surveying a site. 

2. Platform yearly maintenance cost, in terms of the fraction of investment cost. This 

parameter can include monitoring cost. 

3. Drilling cost (onshore and offshore). The cost of drilling a well is composed of a fixed cost 

(in M€) plus a cost that depends on the depth of the well (in units of €/m); 

4. O&M fraction of well investment (i.e., the fraction of investment cost that is to be used as 

maintenance costs for the duration of injection); 

5. The construction period of platforms (offshore) or sites (onshore) in years, over which the 

investment cost is spread. 

 

This module also collects a number of economic parameters: 
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1. The discount rate (%), which is used to compute the net present value of the CCS project. 

This parameter can be chosen zero. One of the outputs of the economic module is the return 

on investment, which is the discount rate of the CCS project. 

2. The depreciation period for investments (in years), which is used for the computation of tax 

deductible investment. 

3. Uplift period (years), which gives the period over which investments done in previous years 

can be tax deducted. This is only used when the project has a positive cash flow and tax 

must be paid.  

4. Tax rate (%), applied over any remaining positive cash flow. 

5. CO2 price (€/tCO2 stored). This price can be supplied when positive cash flow is to be 

included. 

6. Parameters are provided to include rapid price increases, such as those recently occurring 

for the construction of pipelines.  

4.6 Economics 

The economic module combines the cost results from the source, sink, transport and storage modules 

into a number of economic parameters, such as the net present value (NPV) and unit cost (in units of 

€ per tonne of CO2 avoided). Figure 4-5 illustrates most of the different economic parameters 

computed, which are described below. 

 

• Opex + Capex. This is the sum of investments (Capex) and operational costs (Opex) of the 

entire CCS chain, throughout the lifetime of the scenario. 

• Revenues. These are the revenues from the CO2 avoided. 

• UCF, undiscounted cash flow. The net cash flow is computed in a number of steps.  First, the 

taxable income is computed, which is given by the revenues minus deductable investments. The 

depreciation period determines the period over which investments are tax-deductable. 

Obviously, the taxable income can not be negative. However, if revenues are insufficient for the 

allowed tax deduction in a given year, remaining deductable investment costs can be carried 

over to following years; the parameter uplift defines the length of the period over which 

investment costs can be carried over. Second, the revenues are reduced by the tax due. Finally, 

the net cash flow is given by the net revenues (which can be zero) minus the sum of Opex and 

Capex. 

• DCF, discounted cash flow, given by 

1)1(

)(
)(

−+
=

tr

tUCF
tDCF  

where r is the discount rate and time t runs from 1 in the first year to T in the last year of the 

CCS project. 

• NPV, net present value. This is the cumulative value of the DCF, representing the value of the 

project, with positive values implying an economically feasible project.  

• NPV disregarding cost. Also computed is the NPV for the entire CCS chain, but disregarding 

revenues (termed “NPV (costs only)” here).   

• NPV for elements of the CCS chain. and the NPV  for elements of the CCS chain, again 

disregarding revenues (e.g., termed “NPV capture (costs only)”). These NPV values depend only 

on Capex and Opex and are given by 
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The CAPEXtotal and OPEXtotal time series represent the investments and operation and 

maintenance for all elements of the CCS chain, respectively.  

• NPV for sources and sinks separately. Using the Capex and Opex for sources and sinks, the net 

present value of the costs of capturing or storing CO2 can be computed. Source costs are 

separated into capture and compression costs, while sink costs include all costs associated with 

the storage site. These results can be used to identify the most expensive source and sink in the 

CCS project.  

• Unit technical cost (not shown in the figure). This is the discounted cost (cash flow out) divided 

by the amount of CO2 avoided in the CCS project. Unit technical cost has units of €/tCO2.It is 

given by 

avoided

t

COc

tDCO

UTC
2

)(∑
=  

where UTC is unit technical cost, DCO is the discounted cash flow out (the sum of Capex and 

Opex) and c is a correction factor applied to the total amount of CO2 avoided. The factor c is the 

ratio of undiscounted and discounted revenues and is given by 
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where R represents the revenues from CO2 credits.  

• Pay out time. This is the time into the project when the NPV first becomes positive. When the 

NPV remains negative throughout the CCS project, the pay out time computed is equal to the 

duration of the project. 

• Maximum exposure. This is the maximum (negative) value in the NPV curve. 

• IRR, internal rate of return (not shown in figure). This is the discount rate at which the NPV is 

zero. If no solution can be found, a value of -99 is returned. 
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Figure 4-5. Sketch of economic parameters computed by the economic module. UCF: undiscounted cash flow; DCF: 

discounted cash flow; NPV: net present value.  
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5 INPUT DATA 

The local application uses the data on the sources and sinks selected with the internet application, 

supplemented with data on energy, prices and economics that are mostly to be added in the local 

application.  

 

The data on sources and sinks is taken from the Geocapacity database, either directly or by 

combining database fields. The Geocapacity database is incomplete, in the sense that some database 

fields have not been specified for some sources and sinks (missing data) and not always consistent 

(database fields with varying units). This will lead to unexpected results when the database content is 

used without a final consistency check by the user. 

 

The sections below list the input parameters for the different modules in the local application, with 

likely value ranges. All of the input data described below are found in the file ‘constants.txt’ in a 

project directory, with the exception of the parameters described in Section Error! Reference 

source not found., which are in the file ‘Projectfile.txt’. 

 

The stochastic nature of a parameter determines how it is treated in the Monte Carlo analysis. 

Information about this is included in the input file (‘constants.txt’). There are several stochastic 

types: constant, Gaussian (normal distribution), log-normal, triangular and uniform: 

1. Constant. These parameters have a fixed value throughout the Monte Carlo runs. Examples: 

Source ID, sink ID, country code, fuel type. In the input file, a string “CONSTANT” is 

added to the parameter definition in the input file (‘constants.txt’). 

2. Normal (Gaussian). These parameters are assumed to have a normally distributed 

probability density function (pdf), which is fully defined by a mean and standard deviation. 

A string “NORMAL <mean> <stdev>” is added to the parameter definition in the input 

file. An example is reservoir porosity. 

3. Log-normal. These parameter are assumed to have a normally distributed pdf in the log 

domain. Reservoir permeability is the best example. The string “LOGNORMAL <mean> 

<stdev>” is added to the parameter definition. 

4. Triangular. A triangular distribution can used for, for example, storage capacities. This 

distribution is defined by the minimum, mean and maximum values.  

5. Parameters can also be input in the form of stochastic time series. In the present application, 

the price of CO2 is the only example.  

 

Please note that stochastic type ‘CONSTANT’ is given in the tables in the sections below only for 

the parameters that should be kept constant in the Monte Carlo run. In theory, all input variables in 

the file ‘constants.txt’ (see below) can be changed to any of the above types, but in most of the cases 

listed below to typically have the type ‘CONSTANT’, it is most straightforward not to change them 

in the Monte Carlo computations. 

 

In general, the choice for a particular parameter should be based on available data. The exception to 

this is the last stochastic type in the list above, the time series. Parameters can not be changed to 

stochastic time series type (only the CO2 price is required to be input as that type). 
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5.1 General scenario data 

The local application needs a number of parameters that describe the scenario, such as the lifetime 

and the start year. These parameters are read from this file to initialise memory space, prior to 

reading data from the tile ‘constants.txt’. Table 5-1 lists the parameters read from the file 

‘Projectfile.txt’ and gives some guidelines on how to set these parameters. All lines in the file have 

the format: 

<parameter_name>=<value> 

where <value> can be numeric or a text string. 

 

The file ‘Projectfile.txt’ contains more lines that those discussed in the table; these extra lines should 

not be changed. 

Table 5-1 Source parameters. 

Parameter Range Comment 

NAME (any string) The name of the scenario. This name is specified 

on the web application 

NUMBER_OF_SOURCES (any positive 

integer 

number) 

This is the number of sources in this scenario; the 

file ‘constants.txt’ is searched for input for the 

number of sources specified; if data for more 

sources is present, it is ignored. 

The number of sources is not limited, but a large 

number of sources will result in long computation 

times and long input and output parameter lists.  

NUMBER_OF_SINKS (any positive 

integer 

number) 

As for the number of sources 

SCENARIOSTARTYEAR Format: yyyy 

(any year) 

The start year of the scenario should be some 

years before the start of capture of storage, to 

allow time for the construction of elements of the 

CCS chain and to be able to allocate the costs. 

The minimum lead time is given by the 

construction period of platforms or sites given in 

the input (file ‘constants.txt’). 

PROJECT_LIFETIME Unit: years 

(any positive 

integer 

number) 

This is the duration of the CCS project. It should 

be long enough to contain the entire capture 

period of the sources, to include all costs during 

the scenario in the results. 

Extending the scenario beyond the end of the last 

capture unit has no effect on the results, so this 

parameter can be set to a safely high value (e..g, 

50 years).  

The value is defined on the web application. 

MAX_NUMBER_OF_WELLS (any positive 

integer 

number) 

This is the maximum number of wells that can be 

operated in a single reservoir. This parameter 

overrides a similar parameter that is specified for 

each sink and is needed here for memory 

allocation. 

This parameter is limited by memory space. A 
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value of 10 has been shown to be possible, which 

is set as default. 

MAX_REALISATIONS (any positive 

integer 

number) 

This is the number of Monte Carlo realisations. 

The default value is 1000, which results in 

smooth distributions in the probability functions 

of the input and output parameters. A larger 

number is always better, but increases 

computation time. The value is limited by 

memory space.  

5.2 Source data 

The source parameters are listed in Table 5-2. In many cases the parameter value is one from a list, 

such as for the country ID. Where this is not the case, the ranges given in the third column give an 

indication of the typical value for the parameter. Values outside the range given can occur. Further 

information on the parameters can be found in the sections indicated in the column ‘Section’. 

Table 5-2 Source parameters. 

Parameter 

(stochastic character) 

Unit Section Typical range 

SourceID 

(CONSTANT) 

[-]  Any unique positive integer (note: sources and 

sinks can not have the same ID) 

Country 

(CONSTANT) 

[-]  1 through 32: 

1 AT 10 DE  19 NL 28 NO 

2 BE 11 EL 20 PL 29 AL 

3 BG 12 HU 21 PT 30 BA  

4 CY 13 IE 22 RO 31 HR 

5 CZ 14 IT 23 ES 32 MK 

6 DK 15 LV 24 SK 

7 EE 16 LT 25 SI 

8 FI 17 LU 26 SE 

9 FR 18 MT 27 UK 

Note: values below 1 or above 32 are set to 1 or 

32, respectively, upon input. 

New_plant 

(CONSTANT) 

[-]  0 (new), 1 (retrofit) 

Note: values below 0 or above 1 are set to 0 or 1, 

respectively, upon input. 

Fuel 

(CONSTANT) 

[-]  1 through 13: 

1 Natural gas 8 Waste heat 

2 LPG 9 Refinery gas 

3 Coal 10 Biomass/waste 

4 Coal (power plants) 

5 Lignite 11 Unknown 

6 Oil 12 Electricity wind 

7 Heavy fuel oil 13 Electricity biomass 

Note: values below 1 or above 13 are set to 1 or 

13, respectively, upon input. 

CO2Emission_without_capture MtCO2/yr  0.1 – 10  

CO2Concentration %  2 – 90 

Load hr/yr  0 – 8760 (= 265 · 24) 

Capacity MW, or 

Units/hr 

 Power plants: 30 – 1000 

Non-power: production in units / hr 

Year_capture_start [-]  2009 - ? 

Year_capture_end [-]  2009 - ? 

Capture_technology [-]  Power: 1 through 4 

1 post-combustion 
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2 pre-combustion 

3 oxyfuel 

4 high-purity CO2 

Note: values below 1 or above 4 are set to 1 or 

4, respectively, upon input. 

  

Non-power: 1 or 2  

1 Post-combustion 

2 High-purity CO2 

Note: values below 1 or above 2 are set to 1 or 

2, respectively, upon input. 

CO2_captured_fraction %  50 – 90 

Type_of_plant 

(CONSTANT) 

[-]  0 through 12: 

0 power 

1 ammonia 

2 cement 

3 chemicals (other) 

4 ethylene 

5 ethylene oxide 

6 hydrogen 

7 iron&steel 

8 non-iron metals  

9 oil&gas processing 

10 paper and pulp 

11 refineries 

12 other 

Note: values below 0 or above 12 are set to 0 or 

12, respectively, upon input. 

Power_type 

(CONSTANT) 

[-]  Only needed when Type_of_plant = 0 

0 ST (steam turbine) 

1 CHP (coproduction heat and power) 

2 CC (combined cycle) 

3 IC (internal combustion) 

4 GT (gas turbine) 

5 FC (fuel cell) 

Note: values below 0 or above 5 are set to 0 or 5, 

respectively, upon input. 

Share_emission_treated %  Only for Type_of_plant ≠ 0 

 75  

Share_waste_heat %  Only for Type_of_plant ≠ 0 

 25  

5.3 Sink parameters 

Table 5-3 gives sink parameters. Most of the sink parameters are uncertain to some degree; the 

database already contains information about parameter ranges for many of the parameters. The user 

should carefully check the validity of the parameters ranges in the input file. Incomplete data or 

inconsistent data can cause incorrect values for mean, standard deviation, or minimum / maximum 

values. The value ranges given in the table below can help identify unreasonable or unlikely input 

values. Note that not all parameters are always required; the actual list of parameters used depends 

on the choice of algorithm for storage capacity and injection rate. 

 

The parameters ‘volume_factor_1’ and ‘volume_factor_2’ contain different parameters from the 

database, depending on the type of sink. 

For aquifers, ‘volume_factor_1’ contains the connate water fraction and ‘volume_factor_2’ 

represents the net – gross percentage (please note that in this case, all parameters the represent a 

percentage or a fraction are treated as percentages, which means that their range is from zero to 100).   
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For hydrocarbon fields, ‘volume_factor_1’ is the volume factor as defined in the database (i.e., of 

the order of 10
-4

 – 10
-5

 for gas fields and of the order of 1 for oil fields), and ‘volume_factor_2’ 

contains the proven production in bcm (gas fields) or MMm
3
 (oil fields). 

Table 5-3 Sink parameters. 

Parameter 

(stochastic character) 

Unit Section Typical range 

SinkID 

(CONSTANT) 

[-]  Any unique positive integer (note: sources 

and sinks can not have the same ID) 

Sink_type 

(CONSTANT) 

[-]  1 Gas field 

2 Oil field 

3 Aquifer 

Note: values smaller than 1 are interpreted as 

1; values larger than 3 are interpreted as 3 

Storage_capacity_database MtCO2 4.2.1 4 – 400 

Depth m  1000 – 4000 

Sink_available_year [-]  2009 - ? 

Number_of_wells [-] 4.2.2 1 

Note: this parameter can have any value 

between 1 and the parameter 

‘MAX_NUMBER_OF_WELLS’, which is 

specified in the file ‘Projectfile.txt’ in the 

project directory. 

Well_injection_rate MtCO2/yr 4.2.2 0.1 – 2 

Permeability mD 4.2.2 0.1 – 500 mD 

Reservoir_radius km 4.2.1 Depends on reservoir type (aquifer, 

hydrocarbon field) 

Trap_radius km 4.2.1 1 – 5 km 

Well_radius m 4.2.2 0.15 m (7”) 

Thickness m  Tens of metres 

Porosity % 4.2.1 0 – 35 

Storage_efficiency % 4.2.1 0.5 – 2 

Reservoir_pressure bar 4.2.1, 4.2.2 80 – 400 

Reservoir_temperature °C  30 – 100 

Maximum_pressure bar 4.2.1, 4.2.2 80 – 450 

Rock_compressibility /Pa 4.2.2 1·10-10 – 5·10-10  

Well_relative_efficiency % 4.2.2 0 – 100 

Volume_factor_1 connate water % 

(aquifer) 

volume factor 

(hc field) 

4.2.1 10 – 50 (connate water, aquifer) 

0.004 (gas field) 

1.2 (oil field) 

Volume_factor_2 net/gross % 

(aquifer) 

proven 

production in 

bcm or MMm3 

(hc field) 

4.2.1 50 – 100 (net-to-gross) 

1 – 500 (gas field) 

1 – 500 (oil field) 

Onshore 

(CONSTANT) 

[-]  0 = offshore 

1 = onshore 

5.4 Economic parameters 

Economic parameters are also read from the file ‘constants.txt’. The table below gives values for 

these parameters that could be used as a starting point. It is emphasised that most of these parameters 

are likely to be region dependent and should be determined for each CCS project. Offshore 

parameters are taken from a recent BERR report [2007]. The stochastic nature of the parameters in 

Table 5-4 is not listed, as it is difficult to propose a default.  
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Table 5-4 Economic parameters. 

Parameter 

(stochastic character) 

Unit Section Typical range 

Transport_cost_index %  100 – … 

Capture_cost_index %  100 – … 

Compression_cost_index %  100 – … 

Wells_per_platform [-]  1  

Drilling_cost_fixed_onshore M€  1.25 

Drilling_cost_variable_onshore €/m  1500 

Drilling_cost_fixed_offshore M€  10 

Drilling_cost_variable_offshore €/m  5000 

OM_fraction_of_well_investment %  5 

Site_cost_onshore M€  20 

Platform_cost_offshore M€  75 (new offshore platform) 

15 (upgrading existing platform) 

OM_fraction_of_platfom_investment %  2 

Construction_period_platforms yr  2 

    

Discount rate %  0 

CO2_price €/tCO2  0 (no income modelled) 

50 (modelling income 

through ETS system) 

Economic_loan_lifetime yr  25 

Depreciation period yr  10 

Uplift yr  5 

Tax_rate %  50 
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6 OUTPUT DATA 

This section presents a brief description of the parameters computed by the economic tool. Output 

parameters include single-valued parameters and time series; a second division of the output is made 

in technical versus economic parameters. These divisions are made below as well. 

6.1 Single-valued parameters 

6.1.1 Economic parameters 
The following parameters are reported by the tool, as economic indicators. 

Table 6-1 Economic output parameters produced by the tool. 

Parameter name Description Unit See 

Section 
NPV Net present value (NPV) of entire CCS project M€ 4.6 

NPV (costs only) NPV of entire CCS project, disregarding 

revenues 

M€ 4.6 

NPV capture (costs only) NPV of all capture systems M€ 4.6 

NPV compression (costs 

only) 
NPV of all compressor systems M€ 4.6 

NPV transport (costs only) NPV of transport M€ 4.6 

NPV storage (costs only) NPV of storage M€ 4.6 

NPV normalised (costs 

only) 
NPV of total CCS project, normalised by 

discounted CO2 avoided 

€/tCO2 4.6 

NPV capture normalised 

(costs only) 
NPV of capture in the project, normalised by 

discounted CO2 avoided 

€/tCO2 4.6 

NPV compression 

normalised (costs only) 
NPV of compression in the project, normalised 

by discounted CO2 avoided 

€/tCO2 4.6 

NPV transport normalised 

(costs only) 
NPV of transport, normalised by discounted 

CO2 avoided 

€/tCO2 4.6 

NPV storage normalised 

(costs only) 
NPV of storage in the project, normalised by 

discounted CO2 avoided 

€/tCO2 4.6 

Internal Rate of Return Minimum discount rate for this project [-] 4.6 

Unit technical cost Cumulative discounted cash flow out, 

normalised by discounted total avoided CO2 

(is the same as ‘NPV normalised (costs only)’) 

€/tCO2 4.6 

Pay out time Time after which cumulative discounted cash 

flow becomes positive 

yr 4.6 

Maximum exposure Maximum negative discounted cash flow  M€ 4.6 

SRC NPV capture 0 NPV of capture at source 0 M€ 4.6 

SRC NPV compression 0 NPV of compression at source 0 M€ 4.6 

SINK NPV storage 0 NPV of storage at sink 0 M€ 4.6 

(etc, for other sources and 

sinks) 
  4.6 
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6.1.2 Technical parameters 
Tables Table 6-2 through Table 6-4 list the parameters related to capture and compression, storage 

and the CCS project as a whole, respectively. 

Table 6-2 Technical output parameters related to capture and compression. 

Parameter name Description Unit See 

Section 

SourceID_0 Source ID number [-] 5.2 

Country_0 Country ID [-] 5.2 

Type_of_plant_0 0=power; 1=non-power  5.2 

New_plant_0 0=new; 1=existing (power only)  5.2 

Power_type_0 

0=ST, 1=CHP, 2=CC, 3=IC, 4=GT, 5=FC 

(power only)  

5.2 

Fuel_0 Fuel type (see Section 4)  5.2 

CO2Production_0 CO2 produced without capture MtCO2/yr 5.2 

CO2Concentration_0 % of CO2 in flue gas  5.2 

Load_0 Load hours per year hr/yr 5.2 

Capacity_0 

power plant: MWe; non-power plant: 

unit/h  

5.2 

EmissionFactor_0 

Emission factor of energy used in capture 

process kgCO2/kJ 

5.2 

Year_capture_start_0 Start year of capture in project  5.2 

Year_capture_end_0 End year of capture in project  5.2 

Share_emission_treated_0 % of emission treated % (non-power only)  

Share_waste_heat_0 % of waste heat in capture process % (non-power only)  

Annual_internal_add_CO2_by_c

apture_0 CO2 generated by capture process (gross) MtCO2/yr 
4.1.1 

Annual_external_add_CO2_by_c

apture_0 CO2 generated by capture process (net) MtCO2/yr 
4.1.1 

CO2_captured_0 CO2 captured volume (yearly) MtCO2/yr 4.1.1 

Annual_CO2_emission_with_cap

ture_0 Volume of CO2 emitted with capture MtCO2/yr 
4.1.1 

Pressure_captured_CO2_0 Pressure of captured CO2 Pa 4.1.1 

Annual_production_without_capt

ure_0 CO2 emitted before capture (yearly) 

power: MWh/yr; 

non-power: unit/yr 
4.1.1 

Annual_production_with_capture

_0 

CO2 emitted during capture period 

(yearly) 

power: MWh/yr; 

non-power: unit/yr 
4.1.1 

CO2_avoided_yearly_0 Volume of CO2 avoided yearly MtCO2/yr  

CO2_avoided_in_scenario_0 Total volume of CO2 avoided at source 0 MtCO2  

Capture_technology_0 

1:postcombustion, 2:precombustion, 

3:oxyfuel, 4:pure CO2  

5.2 

CO2_captured_fraction_0 Fraction of total CO2 emission captured % 5.2 

CO2 captured in scenario_0 Total volume of CO2 capture at source 0 MtCO2  

Specific_electr_use_compr_0 

Emission factor for compression 

electricity kJe/kgCO2 
4.1.2 

Annual_electr_use_compr_0 Annual electricity use for compression kJe/y 4.1.2 

CO2_emission_from_compressio

n_0 

CO2 emitted due to compressor energy 

usage MtCO2/yr 
4.1.2 

(etc for other sources)    

Table 6-3 Technical output parameters related to storage. 

Parameter name Description Unit See 

Section 

SinkID_0 Sink identifier  5.3 
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Sink_type_0 1=gas field, 2=oil field, 3=aquifer  5.3 

Onshore_0 onshore=1, offshore=0  5.3 

Storage_capacity_0 CO2 storage capacity (computed) MtCO2 5.3 

Trap_efficiency_0 

Percentage of trap pore volume taken up 

by CO2  
5.3 

Depth_0 Average depth to reservoir  5.3 

Sink_available_year_0 Earliest possible start of injection  5.3 

Injection_start_year_0 First year of injection   

Injection_end_year_0 Last year of injection   

Reservoir_radius_0 Dimension of reservoir km 5.3 

Trap_radius_0 Dimension of trap km 5.3 

Storage_efficiency_0 

Percentage of total pore volume taken up 

by CO2 % 
5.3 

Number_of_wells_0 Maximum number of injection wells  5.3 

Well_relative_efficiency_0 

Minimum increase in injection rate for 

additional injection well to be used % 
5.3 

Well_radius_0 Injection well radius m 5.3 

Number_of_wells_used_0 Maximum number of wells used  4.2 

Platform_count_0 

Number of platforms (offshore) or sites 

(onshore)  
4.2 

CO2_density_0 CO2 density (function of p, T) kg/m3  

Thickness_0 Average thickness of reservoir m 5.3 

Volume_factor_1_0 

connate water % (aquifer), volume factor 

(hc field)  
5.3 

Volume_factor_2_0 

net/gross % (aquifer), proven production 

in bcm or Mm3 (hc field)  
5.3 

Reservoir_temperature_0 Reservoir temperature °C 5.3 

Reservoir_pressure_0 Initial reservoir pressure bar 5.3 

Maximum_pressure_0 Maximum pressure in reservoir bar 5.3 

Rock_compressibility_0 Compressibility of storage space /Pa 5.3 

Permeability_0 Permeability mD 5.3 

Porosity_0 Porosity % 5.3 

(etc for other sinks)    

Table 6-4 Technical output parameters related to the CCS project. 

Parameter name Description Unit See 

Section 

Total_injected_volume Total volume of CO2 captured and stored MtCO2 4.3 

Total_injected_gap 

Total volume of CO2 captured but not 

stored MtCO2 
4.3 

Total_fill_fraction 

Fraction of total storage space used in 

CCS project % 
4.3 

Total_produced_CO2 

Total cumulative captured CO2 during 

CCS project MtCO2 
4.3 

Total_avoided_CO2 

Total cumulative avoided CO2 during 

CCS project MtCO2 

4.1.1, 

4.1.2 

Total_emitted_CO2 

Total cumulative emitted CO2 during 

CCS project MtCO2 
4.1.1 

Wells_per_platform 

Number of injection wells per platform 

(offshore) or site (onshore) (offshore only) 
5.3 

Source_sink_match 

0=no match throughout CCS project 

(non-zero injected gap); 1=match (all 

CO2 stored)  

4.3 



 

Page 48 

 

 

 

D30 

6.2 Time series 

6.2.1 Economic parameters 
Table 6-5 lists parameters reported by the tool in the form of time series of economic indicators 

throughout the project lifetime. 

Table 6-5 Time series of economic indicators in the output related to the CCS project. 

Parameter name Description Unit See 

Section 

CAPEX Investment costs M€/yr 4.6 

CAPEX_discounted Investment costs, discounted M€/yr 4.6 

CAPEX_Capture Capture investment costs M€/yr 4.6 

CAPEX_Compression Compression investment costs M€/yr 4.6 

CAPEX_Storage Storage investment costs M€/yr 4.6 

CAPEX_Transport Transport investment costs M€/yr 4.6 

OPEX Operation and maintenance (O&M) costs M€/yr 4.6 

OPEX_discounted O&M, discounted M€/yr 4.6 

OPEX_Capture O&M capture M€/yr 4.6 

OPEX_Compression O&M compression M€/yr 4.6 

OPEX_Transport O&M transport M€/yr 4.6 

CO2 credits Revenues from CO2 credits M€/yr 4.6 

CO2 credits discounted Same, discounted M€/yr 4.6 

CO2_price Price of emission rights €/tCO2 4.6 

Cash_flow Total cash flow M€/yr 4.6 

Cash_flow_discounted Disounted cash flow (DCF) M€/yr 4.6 

Cash_flow_discounted_cumulati

ve Cumulative DCF M€ 
4.6 

SINK_Storage_CAPEX_0 Storage investment costs for sink 0 M€/yr 4.6 

SINK_Storage_OPEX_0 Storage O&M costs for sink 0 M€/yr 4.6 

(etc for other sinks)   4.6 

SRC_Capture_CAPEX_0 Capture investment costs for source 0 M€/yr 4.6 

SRC_Capture_OPEX_0 Capture O&M costs for source 0 M€/yr 4.6 

SRC_Compression_CAPEX_0 

Compression investment costs for source 

0 M€/yr 
4.6 

SRC_Compression_OPEX_0 Compression O&M costs for source 0 M€/yr 4.6 

(etc for other sources)   4.6 

Transport network length Instantaneous length of network km 4.6 

Transport_fuel_cost Fuel cost of transport M€/yr 4.6 

 

6.2.2 Technical parameters 
Table 6-6 lists the time series in the output, related to technical description of the CCS project.  

Table 6-6 Technical output parameters related to the CCS project. These parameters are output in the form of time series. 

Parameter name Description Unit See 

Section 

SINK_Fill_fraction_0 Fraction of sink 0 filled [-] 4.3 

SINK_Injected_volume_0 Injected volume MtCO2 4.3 
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SINK_Injection_rate_0 Injection rate MtCO2/yr 4.3 

SINK_Number_of_wells_used_0 Number of wells used for injection [-] 4.3 

(etc, for sinks 1, 2, …)    

    

SRC_CO2_avoided_0 CO2 avoided at source 0 MtCO2/yr 

4.1.1, 

4.1.2 

SRC_CO2_captured_0 CO2 captured at source 0 MtCO2/yr 

4.1.1, 

4.1.2 

SRC_CO2_emission_0 CO2 emitted at source 0 MtCO2/yr 

4.1.1, 

4.1.2 

(etc, for sources 1, 2, …)    

    

Total_CO2_avoided_yearly CO2 avoided in CCS project MtCO2/yr 4.3 

Total_Emission_CO2_yearly CO2 emitted in CCS project MtCO2/yr 4.3 

Total_Fill_fraction 

Fraction of total storage space 

filled [-] 
4.3 

Total_injected_gap 

CO2 captured but not injected, 

cumulative MtCO2 
4.3 

Total_injected_gap_yearly 

CO2 captured but not injected, 

cumulative MtCO2/yr 
4.3 

Total_injected_volume 

Cumulative injected volume of 

CO2 MtCO2 
4.3 

Total_injected_volume_yearly 

Injected volume of CO2 on yearly 

basis MtCO2/yr 
4.3 

Total_Number_of_wells_used 

Total number of injection wells 

used [-] 
4.3 

Total_Produced_volume_yearly Total captured volume of CO2 MtCO2/yr 4.3 

6.3 Examples of output 

As an illustration of the output produced by the standalone application, Figure 6-1 shows the net 

present value of a hypothetical CCS project. The figure illustrates the added value of the Monte 

Carlo approach taken by the tool: the result is a distribution, rather than a single value. The shape of 

the probability distribution in the figure is the result of the uncertainty in all of the input parameters. 

Also shown in the figure is the NPV for capture in the CCS project (all emission points taken 

together) and for only source #1.  

 

As a second example of the output from the tool, Figure 6-2 shows site development costs (storage 

CAPEX) for a hypothetical CCS project with four sinks. The four panels show investment costs 

distributed over time. This highlights the uncertainty in both the magnitude and the timing of the 

costs. In this case, the timing of the development of sinks 1 and 2 depends on the properties of sinks 

3 and 4. Due to uncertainty in the properties of the latter two sinks, the timing of the development of 

the former two sinks is uncertain. This has a strong effect on the NPV of the entire project, as not 

only the timing of storage investments varies, but also investments related to the development of the 

transport network. 
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Figure 6-1.  NPV of a hypothetical CCS project. Left: NPV of the total project; middle: NPV of capture (all sources) 

in the project; right: NPV of capture at source #1 only. 
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Figure 6-2.  Storage CAPEX for four sinks in a hypothetical CCS scenario. The panels show the distribution of 

investment costs over the lifetime of the CCS project, highlighting the uncertainty in both the magnitude and 

timing of the costs. 
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7 FILE STRUCTURE 

Files with results from the source and sink selection are downloaded from the web 

application in the form of a zip file. This file is to be extracted in a new directory, the 

location of which is not important. The file structure of this new directory is shown in 

Figure 7-1. Files relevant to the economic analysis are in the main directory and in 

‘expertdata’. Important files in the main directory are ‘Projectfile.txt’, which is the file 

to be opened by the local application and which contains such information as the 

number of sinks and sources in the scenario and ‘Constants.txt’, which contains all 

information on the sources and sinks as described in section 5. Other relevant data is 

found in the directory ‘expertdata’, where the background data for capture, compression 

and transport is located. The new transport network is also transferred from the web tool 

to the local application through files in the directory ‘expertdata’. Table 7-1 gives a 

brief description of the files in the scenario file system. 

 

All input files are ascii files. All files can be edited, but this should only be done with 

good knowledge of the file format and content. One form of editing that could be useful 

is to have a separate ascii file with (economic) parameters that are not contained in the 

files downloaded from the web application, which can be readily added to the file 

‘constants.txt’. This avoids part of the somewhat cumbersome parameter editing in the 

GUI of the local application.  

 

 

Figure 7-1.  File structure of the files in the zip archive download from the web application. 

Table 7-1 Relevant files in the scenario directory. 

Directory Files Description 

<base> Projectfile.txt 

 

Contains information on 

the number of sources and 

sinks, the scenario start 

year and the maximum 

number of wells in a sink. 

 Constants.txt Contains the information 

described in Section 5 

 Sequence.txt Not used in this application 

Expertdata captureParametersNonPower.dat See Section 4.1.1.5   

 captureParametersPower.dat See Section 4.1.1.5   

 compressionParameters.dat See Section 4.1.2 
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 energyParameters.dat See Section 4.1.1.5   

 NetworkElements.dat See Section 4.4.3 

 transportParameters.dat See Section 4.4.3 

 Distances.dat See Section 4.4.3 

ScenarioCombinations  Not used in this application 

ScenarioGroups  Not used in this application 

Workflows  Contains files with a 

number of control flows 
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8 CONCLUSION 

A tool has been developed, in the framework of the EU Geocapacity project that can be used to 

estimate the economic feasibility of a CCS project, which includes any number of CO2 sources and 

sinks and a connecting network of pipelines. Given the location of the sources and sinks, the tool 

computes the network of pipelines and the total cost (net present value) of the CCS project, using a 

Monte Carlo approach to propagate the uncertainty in any of the input variables into the results. The 

tool covers the entire CCS chain, producing results that can be used to test and optimize in detail the 

capture, compression, transport and storage aspects of a CCS project. 
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