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ABSTRACT 

A major challenge for the industrial deployment of a 

CO2 emission reduction methodology is to reduce the 

overall cost and the integration of all the nodes in the 

supply chain for CO2 emission reduction. In this work, 

we develop a mixed integer linear optimization model 

that selects appropriate sources, capture process, 

transportation network and CO2 storage sites and 

optimize for a minimum overall cost. Initially, we 

screen the sources and storage options available in the 

Netherlands at different levels of detail (locations and 

industrial activities) and present the network of major 

sources and storage sites at the more detailed level. The 

results for a case study estimate the overall optimized 

cost to be €47.8 billion for 25 years of operation and 54 

Mtpa reduction of CO2 emissions (30% of the 2013 

levels). This work also identifies the preferred 

technologies for the CO2 capture and we discuss the 

reasons behind it. The foremost outcome of this case 

study is that capture and compression consumes the 

majority of the costs and that further optimization or 

introduction of new efficient technologies for capture 

can cause a major reduction in the overall costs. 

 

INTRODUCTION 

The increasing CO2 concentration in the atmosphere is 

directly related to the increase in CO2 emissions from 

burning and consumption of fossil fuels, leading to 

global warming, which is an issue of a great concern 

today (IPCC 2007). The concentration of CO2 (396 

ppmv) in the atmosphere in 2013 is roughly 40% 

higher than it was before the industrial revolution, with 

a growth of approximately 2 ppmv/year in the last ten 

years (IEA, 2014) and the emission in 2013 is about 

56% higher than in 1990. In the Netherlands, the high 

court has ordered the government to have the emissions 

cut by at least 20% of the 1990 levels within five years 

from 2015. The targets for CO2 reduction by 2030, 

according to the reports from the Environmental 

Assessment Agency of the Netherlands and the EU 

policy, are set at 40% of the 1990 levels, showing a 

strong commitment to reduce anthropogenic CO2 

emissions. 

 

In the Netherlands, out of the CO2 emissions totaling  

180 Mtpa, which were almost constant over the past 

few years, approximately 109 Mtpa of CO2 is emitted 

by stationary sources from the energy and 

manufacturing sector (equal to approximately 60% of 

the total emissions). Efficient use of energy, use of 

alternative fuels and energy sources, and applying geo-

engineering approaches (afforestation and 

reforestation) can all lead to reduction of CO2 

emissions to the atmosphere (Dennis et al. 2014), but 

CO2 capture, transport and sequestration/storage (CCS) 

has been considered as an important strategy for bulk 

mitigation of CO2. According to the International 

Energy Agency’s roadmap, 20% of the total CO2 

emissions should be removed by CCS by year 2050 

(Zaman and Lee 2013). The stationary sources provide 

us with an easier opportunity for bulk reduction in CO2 

emissions nationwide. 

 

The CCS process involves the capture and separation 

of CO2 in bulk (from either stack gas or other 

intermediate gas streams) and then isolating it from the 

atmosphere through geological sequestration. The 

nodes of the CCS supply chain problem are the CO2 

source(s), capture process(es), transportation via 

pipeline(s) and the geological storage sites. A major 

challenge for the industrial deployment of a CO2 

reduction methodology is to reduce the overall cost and 

the integration of all nodes of the CO2 reduction system 

(Hasan et al. 2014). 

 

In this work, we design a network consisting of 

sources, a capture system (technologies and materials) 

and the storage sites to be transported to for the 

Netherlands. We design the network such that the 

overall costs for 25 years of operation and 54 Mtpa 

(30% of the 2013 levels) reduction of CO2 is 

minimized. We will also evaluate what the preferred 

post combustion technologies are. Initially, we develop 

an Mixed-Integer Linear Optimization (MILP) model 

for the reduction of CO2 emissions through CCS. The 

model is represented a set of constraints and an 

objective function. Later, for the case study, we first 

screen the sources at different levels of detail (both for 

locations and industrial activities) and investigate how 

the level of detail affects the overall costs in order to 

select the appropriate required level of detailing. Then, 

we group the clusters of storage options available in the 
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Netherlands according to the geographical locations to 

present the network of major sources and storage sites. 

Having established the supply chain structure, we use 

the model for minimizing the overall costs in order to 

find the optimal network connecting sources and 

storage sites. Finally, we discuss the results and the 

outcomes obtained and the reasoning behind it.  

 

PROBLEM STATEMENT 

The whole network consisting of CO2 sources, 

capturing CO2 from the sources with the technologies 

and materials available, and transporting it to the 

storage sites can be viewed as a supply chain network 

problem (Hasan et al. 2014). Sources can be seen as the 

suppliers of CO2, and capacity restrictions for each 

storage site can be related to the demands of each site 

which are satisfied by transporting the CO2 from the 

capture plant to the storage sites through a pipeline. 

Basically, the supply chain consists of sources, plants 

with capture technology and materials and geological 

storage sites (see Fig. 1). In this work, we have 

considered that the capture plants are located in the 

source site to avoid transport of flue gases.  

 

 

 

Figure 1 Carbon Capture and Storage Scheme 

The problem statement is as follows:  

Given:  

1. Sources: type & location, yearly CO2 emissions and 

compositions 

2. CO2 capture and compression technologies: 

materials and costs 

3. Transportation: distance and quantity to be 

transported, transportation mode and costs 

4. Sequestration/storage: type, location, storage 

capacity, injection costs and storage limit 

5. CO2 reduction target  

Determine:  

1. Source and the quantity to be captured 

2. Technology and material combination to be used 

for the CO2 capture of each selected source 

3. Sequestration/storage sites to be used and quantity 

to be stored in each site 

4. Network topology to capture, transport & store CO2 

The objective of the model is to minimize the overall 

CCS network costs, leading to an optimized structure. 

 

CCS SUPPLY CHAIN NETWORK MODEL 

DEVELOPMENT 

We setup a Mixed-Integer Linear Program (MILP) 

model to solve the supply chain problem presented in 

the previous section. 

 

MINIMIZE 

𝐶 = ∑(𝐶𝐶𝑖,𝑗,𝑘

𝑖,𝑗,𝑘

+  𝑇𝐶𝑖,𝑗,𝑘 +  𝑆𝐶𝑖,𝑗,𝑘) (1) 

s.t. 

 

∑ 𝑋𝑖,𝑗,𝑘  ≤ 1

𝑗,𝑘

 (2) 

 

∑ 𝐶𝑆𝑖 ∗ 𝐹𝑅𝑖,𝑗,𝑘  ≥   
𝐶𝑈𝑘

𝑚𝑎𝑥

𝑌𝑟𝑠
𝑖,𝑗

 (3) 

∑ 𝐶𝑆𝑖 ∗ 𝐹𝑅𝑖,𝑗,𝑘  ≥   54

𝑖,𝑗,𝑘

 (4) 

𝐹𝑅𝑖,𝑗,𝑘 ≤ 0.9 ∗ 𝑋𝑖,𝑗,𝑘 (5) 

 

Eq. 1 shows the objective C, overall costs, as a sum of 

capture and compression costs (CCi,j,k), transportation 

costs (TCi,j,k) and storage costs (SCi,j,k). Xi,j,k is a binary 

decision variable that selects a source ‘i’ and only one 

suitable technology-material combination ‘j’ and a 

storage site ‘k’ per source and Eq. 2 is a constraint to 

facilitate this. CSi is the total emissions from source ‘i’ 

and FRi,j,k is 0-1 continuous variable that gives the 

fraction of CO2 that is going to be captured from source 

‘i’. Eq. 3 ensures that the maximum storage limit of 

each storage site ‘k’ (CUk
max) is not exceeded. Eq. 4 

checks if the minimum targeted CO2 reduction of 54 

Mtpa (30% of the 2013 levels) is achieved. Eq. 5 is a 

constraint, which makes sure that if a source is 

selected, no more than 90% is captured from that 

source. The additional computational benefit is 

avoidance of the multiplication of variables FRi,j,k and 

Xi,j,k and thereby linearizing the model reported by 

Hasan et al. (2014). Before going into the details of 

costs of capture and compression, we need to decide on 

the technologies and materials to be considered. 

Different physical or chemical processes like 

absorption by chemical solvents, adsorption by solid 

sorbents, membrane separation, cryogenic processes, 

microbial processes etc. have potential for post 

combustion capture of CO2 (Zaman and Lee 2013; 

Hasan et al. 2014). However, not all these processes 

are suitable nor economically attractive to capture CO2 

from every source because there are various factors that 

affect the choice of a suitable capture process including 

feed gas characteristics (composition, flow rate, 

pressure, and temperature), source type (power 

generation, gasification, gas upgrading, etc.), source 

fuel type (solid or gas), capture performance rating 

(CO2 purity, recovery, energy penalty, etc.), and cost. 

According to the updated capture toolbox from IPCC 

SR (Abanades et al. 2015), it can be understood that 

only two technologies are complete and demonstrated 

SOURCE CAPTURE TRANSPORT STORAGE



at industrial scale for post combustion CO2 capture, 

viz. chemical absorption and adsorption. Although 

membranes are not yet commercially applied for post-

combustion CO2 capture, because of recent 

developments like hybrid membranes and multi-stage 

separation, they show some promise and hope for the 

future (Zaman and Lee 2013; Hasan et al. 2014). The 

four leading capture and compression technologies 

selected based on maturity and Total Readiness Level 

are Absorption, Pressure Swing Adsorption (PSA), 

Vacuum Swing Adsorption (VSA) and Membrane 

separation (Abanades et al. 2015; Hasan et al. 2014). 

 

𝐶𝐶𝑖,𝑗,𝑘 =  𝐼𝐶𝑖,𝑗,𝑘 +  𝑂𝐶𝑖,𝑗,𝑘 +  𝐷𝐶𝑖,𝑗,𝑘  (6) 

 

Eq. 6 shows capture and compression costs as a sum of 

Investment costs (ICi,j,k), Operating costs (OCi,j,k) and 

the flue gas Dehydration costs (DCi,j,k). Optimizing the 

capture and compression costs, which depends on flue 

gas composition and flow rate, is an important step 

towards reducing the total cost and there have been 

various efforts to optimize the overall and individual 

processes. Hasan et al. in their work have optimized 

various capture and compression technologies and 

materials and reported the costs for the leading 

technologies and material combinations in terms of 

CO2 composition (XCO2) and flue gas flow rates (Fi in 

mol/s) (Hasan et al. 2012a; Hasan et al. 2012b; Hasan 

et al. 2014). The basic assumptions considered in their 

cost model are that the technology-material 

combination is able to capture at least 90% of CO2 

from the flue gas with the least product purity of 90% 

CO2 at 150 bar pressure of CO2 product.  

𝐼𝐶 𝑖,𝑗,𝑘 (
€

𝑦𝑟
) =  𝛼 ∗ 𝑋𝑖,𝑗,𝑘 +  (𝛽𝑥𝐶𝑂2

𝑛 +  𝛾)𝐹𝑖
𝑚

∗  (𝑚11𝐹𝑅𝑖,𝑗,𝑘 + 𝑚12𝑋𝑖,𝑗,𝑘) 

(7) 

𝑂𝐶 𝑖,𝑗,𝑘 (
€

𝑦𝑟
) =  𝛼𝑜 ∗ 𝑋𝑖,𝑗,𝑘

+  (𝛽𝑜𝑥𝐶𝑂2

𝑛𝑜 +  𝛾𝑜)𝐹𝑖
𝑚𝑜

∗  (𝑚21𝐹𝑅𝑖,𝑗,𝑘 + 𝑚22𝑋𝑖,𝑗,𝑘) 

(8) 

Eq. 7 and 8 shows the linearized version for the 

investment and operating costs per year presented by 

Hasan et al. (2012; 2014). Their model mainly 

becomes non-linear because of the exponent in FRi,j,k. 

For each of the 13 technology/material combinations 

considered, the costs are linearized with less than 5% 

overall relative error compared to the original model. 

Linearization also allows the model to choose the FRi,j,k 

freely, rather than assuming it constant as was done by 

Hasan et al. (2014). The flue gas dehydration costs 

contribute 9.28 €/tCO2 captured uniformly. Fig. 2 

shows the capture and compression costs as a function 

of the composition of CO2 in the flue gas, for a 

constant flue gas flow rate of 10 kmol/s and FRi,j,k = 

0.9. The figure is very similar to that provided by 

Hasan et al. (2014). It can be clearly seen that 

absorption is preferred for cases with a very low CO2 

composition in the flue gas, whereas adsorption is 

preferred for cases with higher compositions. This also 

shows that the applied linearization does not 

significantly change the costs of the various material-

technology combinations and provides results almost 

the same as that by the original model presented by 

Hasan et al. (2014). 

 

 
Figure 2 Capture and compression costs for different 

technology material combinations (Flue gas flow rate 

= 10 kmol/s) 

Modeling of the transportation node(s) also received 

attention. The review by Knoope et al. (2013) gives a 

good overview of all the available models. In our work, 

we use the model presented by Serpa et al. (2011), as it 

provides us with a linear model and also cost as a 

function of the quantity transported. We consider a 

terrain factor, FT of 1.2, (which can also be taken as a 

correction factor for distances) and we also add 16 kms 

to the distance (Di,k)  for access to a suitable injection 

site within storage formation (Dahowski et al. 2004). 

Eq. 9 shows the function for the transport cost that we 

use in this model. The yearly operation and 

maintenance costs (OMt) of transportation are taken as 

4% of the investment costs. There are also no 

distinction made between transportation costs in land 

and sea.  
𝑇𝐶𝑖,𝑗,𝑘 = 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 

=  [(𝛼𝑡 ∗ 𝐶𝑆𝑖𝐹𝑅𝑖,𝑗,𝑘 + 𝛽𝑡 ∗ 𝑋𝑖,𝑗,𝑘) ∗ 𝐹𝑇 ∗  (𝐷𝑖,𝑘 + 16)]

+ 𝑂𝑀𝑡 ∗ 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 ∗ 𝑌𝑟𝑠 

(9) 

 

For the storage and injection costs, Jansen et al. (2011) 

give an average investment (Iwell) and operating costs 

(OMwell) per well and to calculate the number of wells, 

we use a parameter maximum injection capacity per 

well (ICmax) given by Hasan et al. (2014). Although the 

well construction, operation and maintenance depend 

on the type of the storage site and individual well 

characteristics (like depth, location – offshore & 

onshore etc.), we assume it to be a constant for the 

simplicity of the model itself. Eq. 10 shows the storage 

and injection cost that we use in our model. 
  𝑆𝐶𝑖,𝑗,𝑘 = 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 + 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 

=  (𝐼𝑤𝑒𝑙𝑙 + 𝑌𝑟𝑠 ∗ 𝑂𝑀𝑤𝑒𝑙𝑙) (
𝐶𝑆𝑖𝐹𝑅𝑖,𝑗,𝑘

𝐼𝐶𝑚𝑎𝑥 ) 
(10) 
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CASE STUDY 

Data analysis and interpretation 

Sources 

Data for the CO2 sources are obtained from the 

Netherlands Government’s Pollutant Release and 

Transfer Register database and the “Centraal Bureau 

voor de Statistiek” for the year 2013. The database 

divides sources with different levels of detailing, 

according to their location (Total, Province level, 

Community (municipality) level and Individual 

location) and industrial activities (Sector level, Sub-

Sector level, and Individual Activity level). Initially, to 

analyze the data, Province – Subsector combination 

was taken as the others are either less detailed or too 

detailed. In the total emissions of 180 Mtpa, 242 large 

stationary sources (leaving out emissions from 

educational institutions, recreation clubs, etc.) account 

for ~109 Mtpa, approximately 60% of the total 

emissions. Out of those 242 sources, the top 35 sources 

(all ≥ 0.5 Mtpa) account for ~98 Mtpa. We decided to 

go into different levels of detailing with the same 

criteria and consider sources only above 0.5 Mtpa 

emissions.  

 

Four different combinations are considered: 

- Province – Sub-Sector  

- Province – Individual Activity 

- Community – Sub-Sector  

- Community – Individual Activity 

 

Obviously, the number of sources and the total 

emissions are bound to vary when we go into various 

levels of detail (see Fig. 3) It can be seen that the 

number of sources are almost constant around 34 and 

this may be related to the fact that when going into 

more detail the larger sources getting split into two or 

more parts. The emissions decrease initially, as 

expected, and become almost constant at the 

community level. 

 

 
Figure 3 Total Emissions (Mtpa) and Number of 

sources in each level of detail 

Typical CO2 compositions of flue gas are used for 

various sources. Fig. 4 shows the composition 

distribution for the sources at the community-

individual activity level. Most of the sources lie in the 

composition range of 7% and 20%. Only 3 of the 35 

sources have a CO2 composition above 20%. The flue 

gas composition plays a major role in the capture costs 

of CO2 – the lower the CO2 composition in the flue gas, 

the higher the costs.  

 

 
Figure 4 The composition distribution of various 

sources at the Community-Individual activity level 

Fig. 5 shows the objective (total costs for CCS) for 

different levels of detail. The higher the level of detail, 

the higher the costs are, as anticipated. It can be noted 

that the cost becomes almost constant with less than 

1% change between the Community-Subsector level 

and the Community-Individual Activity level. This also 

shows that going into further detail than the 

Community-Individual Activity level is not necessary, 

as there is no noticeable change in the objective. 

 Figure 5 Total costs as a function of the level of detail. 

clearly showing that the costs become constant at the 

community - activity level.  

Further case & optimization study is evaluated with the 

data at the level of Community-Individual activity. Fig. 

6 shows the location of the sources spread across the 

Netherlands. It can be clearly seen that the major 

emitters of CO2 are located in the western and south-

western part of the Netherlands. 
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Figure 6. Netherlands map locating the top 35 

stationary sources 

Storage sites 

The storage data were obtained from DHV and TNO 

(2009),  Ramirez et al. (2010), Damen et al. (2009) and 

Neele et al. (2013). Although there are several 

hundreds of individual storage sites, the geographical 

location of the storage sites represented in the above 

publications on the map of the Netherlands (clusters of 

storage sites) were grouped manually to reduce the 

overall problem size to 47 cluster groups, out of which 

31 are oil & gas groups, 12 are saline aquifer groups 

and 4 are groups of coal seams. The storage capacity 

for each group is estimated on the basis of the known 

total capacity of each type of storage in the 

Netherlands. Storage estimation of 47 groups summed 

to approximately 11 Gt. Out of the 47 storage groups, 

the top 15 groups contributed to more than 10 Gt of 

storage and for the ease of implementation, only these 

15 storage sites were considered for the case study. Of 

the 15 storage sites chosen, 11 are oil & gas sites, 3 are 

saline aquifers and 1 of them is an un-mineable coal 

seam.  

 

Fig. 7 indicates the geographical location of the 

grouped storage sites on the map of the Netherlands, 

where each circle represents the center of the group and 

size of the circle represents the capacity of the storage. 

The figure shows that most of the large storage groups 

are in the north and north-eastern part of the 

Netherlands. The Groningen site (the biggest circle in 

Fig. 7) contributes to 7.35 Gt of storage possibility. An 

important assumption is that all these storage sites are 

free, ready and available for CO2 storage and the CO2 

injection platform is going to be built from scratch. 

Also no costs related to delay by public protests for 

injection in these storage clusters are assumed. 

 
Figure 7. Netherlands map locating the top 15 storage 

site 

Results and discussion 

As discussed in the previous section, we consider 35 

sources, 13 technology-material combinations for 

capture & compression and 15 grouped storage sites to 

inject CO2. So, the total number of discrete variables 

are 6825 (35  13  15). Thus an enormous reduction 

in the number of sources and storage sites has helped 

decreasing the size in the model, which also helps in 

the interpretation of the results. The presented Supply 

Chain optimization model was used to optimize the 

costs of the capture of 54 Mtpa of CO2 and storage for 

25 years.  A summary of the resulting minimized costs 

can be found in Table 1.  

 

Table 1 Overall costs and cost per ton basis for the 

optimal CCS network in the Netherlands 

 Overall 

Costs 

(€Billion) 

Cost 

(€/tCO2/yr) 

Total Expenditure 47.83 35.43 

FG Dehydration Costs  12.53 9.28 

Capture and 

compression 

30.70 22.74 

Sequestration 2.7 2 

Transport 1.9 1.42 

 

While, dehydration, storage and transportation add to 

the total costs, the costs of capture and compression, as 

expected, is the major contributor. Although we used 

different cost functions for storage/injection and 

transportation costs, the cost proportions are very 

similar to the ones obtained in Hasan et al. (2014). The 



total costs for 25 years of operation of CCS is 

estimated at €47.8 billion and €35.43 per year per ton 

of CO2 captured. The storage or injection costs just 

accounts for 2 €/ton whereas the transportation costs 

accounts for only 1.42 €/ton. The pipeline costs are 

often underestimated as the majority of the models 

reported in the literature keep the cost of natural gas 

pipelines constructed before 10 – 15 years as the basis, 

whereas the CO2 pipelines generally operate at higher 

pressures (Knoope et al. 2013). The storage costs may 

also be underrated, but even if the storage costs are 3 or 

4 times more, the capture and compression costs with 

22.74 €/ton will still remain the largest among all the 

costs for CO2 emission reduction. Thus, the main 

takeaway finding is that the capture processes cause the 

major lump of expenses and further optimization or 

invention of new technologies at much lower costs for 

capture can cause a major change in the overall costs. 

The optimized network is shown in Fig. 8. The thinner 

end shows the source and the thicker end shows the 

storage site and thickness is also proportional to the 

quantity captured, transported and injected in each 

storage site. For the optimal design, 18 sources and 9 

storage sites are selected by the model. Out of the 

selected 9 storage sites, 5 storage sites are oil & gas 

sites, 3 are saline aquifers and 1 of them is an 

unmineable coal seam. 

 

 
Figure 8 Optimal network for Carbon Capture and 

Sequestration for the Netherlands 

Fig. 9 shows the storage occupancy of each of the 

storage groups and it can be clearly seen that there still 

exists more than 85% of the CO2 storage capacity even 

after 25 years of operation to reduce 54 Mtpa. The 

biggest storage site of all, the Groningen gas field 

(storage site 9 in the Fig. 9), still has almost 100% 

storage capacity left. To start with, it maybe because of 

the straightforward linear relation for costs which 

doesn’t take into account the scale effect of the storage. 

Furthermore, it is because of the fact that most of the 

sources selected are from the western or south western 

part of the Netherlands, whereas the Groningen site is 

in the Northeastern part of the Netherlands and the 

transportation cost is comparable to the storage cost.  

 

  
Figure 9 The storage occupancy after the 25 years of 

optimal operation 

In the technology aspect, only 3 out of the 13 

technology-material combinations are chosen - 17 of 

the 18 selected sources use pressure swing adsorption 

and only 1 use absorption (Fig. 10). In the material 

feature, MVY (a type of zeolite) based adsorption is 

strongly preferred over the WEI (another type of 

zeolite) based one (15 times to two times). In 

absorption, piperazine (PZ) is preferred over Mono 

Ethanol Amine (MEA). This shows that the heuristic 

choice of MEA absorption or absorption in general 

may not always be the most cost-effective one. 

Songolzadeh et al. (2014) also found that adsorption is 

the most preferred post-combustion capture technology 

at higher feed gas pressures and they also state that 

adsorption can have a much lower energy consumption 

and cost for the capture of CO2. Another reason why 

adsorption is the most often selected technology in the 

optimization, is that 17 of the 18 selected sources have 

a medium to high CO2 compositions in the feed flue 

gases (>10%). Absorption is preferred when the 

concentrations are below 8% at higher flue gas flow 

rates. This shows that the costs and the selection of the 

technology depend both on composition and flow rate. 

 

 
Figure 10 The most preferred technology-material 

combinations. 
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CONCLUSIONS & RECOMMENDATIONS 

An MILP model is developed and applied to synthesize 

a  national CCS network by optimizing the total costs 

of this network. Appropriate sources, capture 

processes, transportation connections and CO2 storage 

sites were selected. The MILP model has a linearized 

relation for the estimation of capture and compression 

costs. This linearization allows the model to choose the 

fraction captured from each source instead of assuming 

it to be a constant. We analyzed different data sets with 

different detailing for the sources in the Netherlands 

and came up with a definitive data set, by checking the 

variation in the objective function, to carry out the case 

study. The optimal cost achieved by considering the 

most mature technologies close to commercialization 

and using an efficient network design, was found to be 

€47.8 billion for 54 Mtpa of CO2 reduction in the 

Netherlands for 25 years of operation. Pressure Swing 

Adsorption (PSA) was significantly preferred over the 

heuristic choice of absorption and the difference in 

costs were also noted to be considerable. It was also 

concluded that, even after the 25 years of operation, 

there is still more than 85% of the total storage 

capacity left across the Netherlands for CO2 injection. 

Although the estimate for storage and transportation 

costs may not be very accurate, a clear conclusion from 

the relative contribution to the costs is that the capture 

& compression cost is the major contributor to the total 

costs.  It is therefore recommended to further optimize 

existing technologies or develop new technologies with 

much lower capture costs to cause a further major 

reduction in the overall costs.  
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