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Executive summary 
The report serves as a summary of the current Carbon Capture and Storage (CCS) technologies and the European Union (EU) policy 

framework. It was written for the project Building momentum for the long-term CCS deployment in the CEE region (CCS4CEE). By 

sharing the available knowledge about CCS and its role in climate change mitigation, we hope to build support for its deployment, 

particularly in Central and Eastern Europe (CEE). 

CCS technologies 

CCS is associated with three activities: CO2 capture, transport and storage. Each of these activities can be conducted using a range of 

technologies characterised by various maturity levels, costs and applicabilities. The purpose of CCS is to prevent CO2 from entering 

(or staying) in the atmosphere where it contributes to global warming, which in turn causes climate change with its catastrophic 

consequences.  

Capture  

The objective of CO2 capture is to prevent CO2 resulting from a production or combustion process from being emitted into the at-

mosphere, or to remove CO2 from the air. There are multiple CO2 capture technologies varying in terms of their maturity, costs and 

energy requirements. The choice of the capture technology for an individual industrial site will depend on the design and process 

conditions of that site.  

Capture technologies can be classified into three main categories, depending on the stage of the process during which they are put 

to work. The first group, post-combustion, is characterised by the capture of CO2 from the flue gas stream resulting from fuel com-

bustion or from the chemical processes associated with the treatment of carbon-containing raw materials. Due to the low content 

of CO2 in flue gases, its capture requires additional energy, which increases the operating costs of the manufacturing process. It is 

the most common type of CO2 capture technology today. Post-combustion CO2 capture can be achieved via different capture media 

and processes. Importantly, existing industrial sites can be retrofitted in order to apply post-combustion CO2, as opposed to catego-

ries of CO2 capture which need to be part of the original design of the plant. 

In the second group, pre-combustion, CO2 is removed from the fuel or raw material, before it is combusted or processed. Finally, 

oxyfuel combustion is the third category of CO2 capture and is based on the use of oxygen in the combustion process, which yields a 

CO2-rich gas stream.  

There is a growing number of existing plants and planned projects applying all above mentioned CO2 capture technologies, including 

the production of ammonia, cement, power generation and waste incineration plants. 

Transport 

CO2 can be transported in various phases (solid, gaseous, liquid and dense/supercritical) and by multiple modes (pipeline, ship, train, 

truck or barge, or a combination thereof), depending on the CO2 volume, the location of the capture and the storage or utilisation 

sites, the topography of the terrain and the distance between these sites.  

Most of the CO2 transport today is associated with the well-established traditional applications of CO2 utilisation, predominantly 

Enhanced Oil Recovery (EOR), mainly located in the USA, and conducted by CO2-dedicated onshore pipelines. Offshore systems are 

in use too, including in Europe. There is also a potential, albeit limited, to repurpose parts of the existing gas transmission infrastruc-

ture for CO2 transport. 
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Pipelines can move larger volumes of CO2 than alternative modes of transport over the same distance and in the same time; this 

favours large emitters and industrial clusters as the main candidates for CO2 pipelines. However, this advantage limits the flexibility 

of transport routes, and requires large volumes to keep operational costs low. 

Ship, truck and rail transport of CO2 are limited to commercial applications of CO2 in the food and drink industry, but could be scaled 

up and compete with or complement the pipeline networks. They could also be used as part of multi-modal systems, such as the 

planned Longship project connecting a cement and a waste-to-energy plant in Norway via a road, ship and pipeline-based transport 

network. In both cases, CCS is the only solution that can reduce most of the carbon footprint of both plants. 

For offshore storage and intermediate maritime connections within a larger CO2 transport network, ships can offer more flexibility 

than pipelines. Transport by ship can also better adapt to scaling up CO2 volumes.  

Storage 

Storage is the final stage of the CCS value chain and an ultimate way to keep captured CO2 away from the atmosphere in a permanent 

manner. In most cases, CO2 is injected into geological formations such as saline aquifers. Alternatives to aquifers include depleted oil 

and gas fields, igneous rocks or coal beds. Most of the injection today is associated with EOR, but storage projects motivated by 

climate action are also in place and are gaining more ground, including storing CO2 captured directly from the air. 

When it comes to CO2 storage, the key to success is to map, model and evaluate the specific site for storage in terms of its ability to 

contain the required volumes of injected CO2 in a stable state over centuries and millennia. 

In a well-regulated environment, the risks of leakage are very small, and manageable, as attested by storage projects in Norway. The 

overall conclusion is that CO2 storage is a safe climate change mitigation option. Also, the storage potential is big enough, both in 

Europe and globally, to significantly contribute to mitigating further global warming. 

Utilisation 

CO2 utilisation offers a technological alternative to CO2 storage. CO2 can be used either directly (e.g., in EOR and the food and drink 

sector), or converted into a new product in the chemical sector. In recent years, most research and development efforts have focused 

on the use of CO2 for synthetic fuels. Carbon capture and use (CCU) generates an immensely diverse range of products and the 

differences between them warrant a case-by-case analysis of their climate impact. While some can contribute to climate action, 

others have the potential to increase emissions and exacerbate the very issue that they aim to fix. Due to the diversity of CCU prod-

ucts, the time horizon over which they store CO2 varies significantly, ranging from a few months for a ‘CCU fuel’ to a few centuries 

for a ‘CCU mineral’. It is vital to recognise these differences in storage time because the use of CO2 in fuels and short-lived chemicals 

does not have the same effect on the climate as permanent sequestration solutions such as concrete or carbonates. 

Policy framework 

The EU has been supportive of CCS projects, both in 2005-2006 when the EU climate goals for 2020 were being established, and more 

recently through the European Green Deal. Notably, the role of CCS a decade ago was different than it is today. CCS has come a long 

way from being promoted mainly as a power sector decarbonisation option that allowed the continued combustion of fossil fuels. 

Following its marginalisation after Europe's planned CCS demonstration plants ground to a halt in 2017, CCS ultimately resurfaced in 

the European Green Deal and the legislative proposals that followed, as an emission abatement solution for heavy industry, hydrogen 

production and a way to achieve negative emissions through carbon dioxide removals. 

At the EU level, CCS is regulated primarily through the Directive on CO2 storage (known as the 'CCS Directive') and the Directive 

regulating the EU Emission Trading System (the so called 'ETS Directive'). The former established a legal framework for the environ-

mentally safe geological storage of CO2, and requires member states to ensure that third parties have access to the CO2 transport 

networks. It led to amendments in other environmental and energy related regulations, not least requirements to differentiate CO2 
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from waste, to obligate new power plants to be 'CCS-ready' and to subject CCS projects to environmental liability and impact assess-

ments procedures.  

The other European act of high relevance for CCS, the ETS Directive, includes in its scope CO2 capture, pipeline transport and storage 

installations as emitters subject to ETS costs. However, the Directive also recognises CCS as an emission reduction technology, thus 

removing the obligation for the operator of an ETS installation equipped with CCS to surrender allowances for ‘emissions verified as 

captured and transported for permanent storage’.  

The EU already has a list of targeted funding and support mechanisms that can contribute to the development of a European CCS 

network. The ETS Directive acknowledged CCS demonstration projects as eligible for support by revenues from auctioning emission 

allowances, either directly through member states’ budgets, or indirectly through a pool of revenues monetised through the Innova-

tion Fund. Funding for cross-border CO2 pipeline transport projects is also foreseen in the Trans-European Networks for Energy (TEN-

E) Regulation. Research in CCS has been supported through projects financed by the EU's Horizon 2020 and Horizon Europe pro-

grammes, while the Just Transition Mechanism can potentially help finance CCS projects as part of the industrial transformation of 

coal- and carbon-intensive regions. State aid, typically prohibited, is allowed for environmental protection projects, subject to EU 

guidelines, and can be an important source of funding for CCS projects too. Finally, CCS is recognised as a sustainable economic 

activity in the EU Sustainable Finance Taxonomy, which can unlock additional private capital for its deployment. 

Conclusions 

In conclusion, CCS technologies are poised to help attain the EU's 2050 net-zero target, mainly by effecting emission reduction in 

energy-intensive industries and underpinning carbon removal solutions. For this to happen, there is a need for a carefully planned 

and well-coordinated scale-up of emerging CO2 transport and storage networks, and for national governments to come forward with 

more ambitious support schemes for CCS projects. This is particularly important for the Just Transition of many industrial regions and 

clusters in Central and Eastern Europe, where CCS can complement the deployment of renewables, especially in places where clean 

electricity is not available at the scale and within the timeframe required by the EU's 2030 and 2050 emissions reduction targets. 
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Introduction 
Building momentum for the long-term CCS deployment in the CEE region 

This report has been prepared as part of the Building momentum for the long-term CCS deployment in the CEE region project 

(CCS4CEE), which aims to renew the discussion on the long-term deployment of Carbon Capture and Storage (CCS) technologies in 

Central Eastern Europe (CEE), leading to new policy developments and joint projects in this area.  

Eleven countries (Croatia, Czechia, Estonia, Latvia, Lithuania, Hungary, Poland, Romania, Slovakia, Slovenia and Ukraine) of the CEE 

region are covered by this project’s scope. Over a period of three years (2020-2023), CCS4CEE aims to assess the current state of CCS 

and to develop national CCS implementation roadmaps. The intended outcomes of the project include improved stakeholder com-

munication at both the national and regional level, concrete plans for national or regional CCS pilot projects and input to policymaking 

processes to accelerate the deployment of CCS projects in participating countries.i 

What is CCS and why is it important? 

The subject of this report is CCS. The definition of CCS provided by the European Commission in its landmark Directive 2009/31/EC 

(also known as the Directive on CO2 storage, or the CCS Directive) specifies the following: '[CCS] consists of the capture of carbon 

dioxide (CO2) from industrial installations, its transport to a storage site and its injection into a suitable underground geological for-

mation for the purposes of permanent storage'.ii  

Broken down to its essential elements, CCS consists of three activities: capture, transport and storage. Each of them can be performed 

using a range of technologies. CCS can be set up in a single location or extend to a network of multiple operators from various 

industries, across several countries. Thus, rather than being a single technology, CCS could also be described as a value chain.    

The importance of CCS stems from its climate change mitigation potential. CCS prevents CO2, a greenhouse gas (GHG), from being 

emitted into (or in the case of direct air capture, from staying in) the atmosphere and causing further global warming with its cata-

strophic consequences. Nonetheless, CCS has not been deployed at scale. Today, even though CCS is increasingly recognised as a 

decarbonisation solution, alongside renewable energy, energy efficiency or circular economy, there is still the need to build broader 

political, regulatory and public support for CCS.   

As of 2021, there were 27 commercial CCS facilities in operation, located in the United States, Norway, China, Brazil, Canada, Saudi 

Arabia, Australia and Qatar.iii The first commercial CCS facility in Europe started in 1996 in Norway at the Sleipner oil and gas instal-

lation, and more CCS projects have been announced in recent years.iv 

The objective of the report 

This report accompanies a series of reports assessing the current status of CCS in the CEE region, which are published as part of Work 

Package 3 of the CCS4CEE project. We aim to inform the readers and thus increase the level of understanding of the current state of 

CCS technologies and the EU policy framework associated with CCS. Thus, we hope to contribute to the project’s ambition, which is 

to accelerate the deployment of CCS in the CEE region. 

Carbon Capture and Utilisation (CCU) 

Whilst the focus of the report is on CCS, CCU is also covered, albeit to a much lesser extent. The two concepts, CCS and CCU, are 

often discussed together. A combination of acronyms 'CCS/CCU' or even a combined acronym: 'CCUS' or 'CC(U)S' is frequently used. 

By definition, there is an unquestionable common feature in the two concepts: CO2 capture. In some cases, the transport of CO2 is 
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another commonality. What differentiates CCU from CCS is what happens with CO2 thereafter: it is used in other applications (CCU), 

or it is permanently stored in a geological formation (CCS).  

There are important technological and environmental aspects that need to be considered to fully understand the climate impact of 

CO2 utilisation. This report aims to signal these considerations in the form of a high-level introduction to CCU, but it primarily con-

centrates on CCS as the main subject of the CCS4CEE project. 

The structure of the report 

The report is built around two themes: 1) CCS technologies, and 2) the EU policy framework. Chapter one, which follows this intro-

duction, provides a summary of CCS technologies, broken down by activity (capture, transport, storage and utilisation). It explains 

their key features, such as the technological readiness level, costs, applications and limitations. This is followed by chapter two, which 

focuses on the EU policy framework. It explains how CCS has found its place in EU climate policy and how its role in it has evolved. 

Building on that, we explain what has been put in place to regulate and also to incentivise CCS deployment in the EU. This is comple-

mented by a list of EU funding mechanisms that can support CCS projects. Conclusions drawn from the content of these two chapters 

form the closing section of the report. 

The report also includes Boxes with examples illustrating some of the technology and policy concepts, as well as some of the CCS 

projects discussed or mentioned in the two chapters.  
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Chapter 1. Current state of CCS technolo-

gies 
To a layperson, the acronym CCS might sound like a narrowly defined, single technological solution; but in reality, it is a diverse set 

of technologies, both old and highly advanced, spanning many domains with a variety of applications.  

The three activities: capture, transport and storage, form a logical sequence of the CO2 flow across the CCS value chain. CO2 capture 

is the separation of CO2 from the flue gases resulting from fuel combustion and industrial processes, or directly from the air. It can 

be done using different technologies. Some of them have already been applied for decades, but innovative solutions are also being 

developed.  

Once captured, CO2 is prepared for transport. Here again, a whole range of transport modes can be put to work, from traditional 

pipelines to cutting-edge ships. At the end of the chain, CO2 reaches its final destination: underground storage, where it is injected 

and trapped in porous rocks, typically 1-2 kilometres or more under the surface. Alternatively, after capture, and sometimes following 

transport, CO2 can be used either directly, or converted into a new product. 

This chapter provides a summary of currently available and emerging technologies across the CCS value chain, and a separate section 

on CCU.  

Capture 

The purpose of carbon capture is to separate CO2 from a gas mixture into a high purity CO2 stream. There are several possible tech-

nological solutions for CO2 capture, and the most favourable technology is dependent on the process conditions at each emission 

point. For example, the best CO2 capture option in one cement plant might not be the best in another.  

This chapter gives an overview of current CO2 capture technologies, their Technology Readiness Level (TRL), energy requirements 

and costs. Capture technologies in this report are categorised by the stage of the production process in which they occur: post-

combustion, oxyfuel combustion and pre-combustion. Post-combustion covers capture of CO2 in the flue gas after a hydrocarbon 

fuel has been fully burned with air. Oxyfuel combustion refers to combustion of hydrocarbons with pure oxygen where the flue gas 

consists of CO2 and water vapour, which are then easily separated. In pre-combustion capture, CO2 is separated from a hydrocarbon 

feedstock during the process of hydrogen production. Reference examples are given in Table 1. 

Post-combustion 

Post-combustion carbon capture refers to capturing CO2 from a flue gas.1 Nitrogen (N2) makes up the largest fraction of the flue gas, 

while CO2 is found in a smaller fraction (around 10%). The relatively low fraction of CO2 is one of the challenges with post-combustion 

CO2 capture, as it requires a relatively high energy input, thus increasing the operational costs of the manufacturing process. 

Post-combustion CO2 capture is relevant for industrial operators that aim to retrofit their plants with CO2 capture. It is applicable to 

sectors such as coal-, gas- and biomass-fired power generation, waste-to-energy (WtE), iron and steel, and industries that generate 

CO2 emissions during the production process ('process emissions'), e.g., cement plants and hydrogen production.  

                                                                        
1 A flue gas is a mixture of gases resulting from combustion of fuels and other reactions occurring during the production processes. 
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There are three main groups of post-combustion carbon capture: absorption (by amines, by chilled ammonia and by hot potassium), 

adsorption, membrane separation and calcium carbonate looping (which can also be considered as pre-combustion, depending on 

configuration). They are described in the following sections.  

POST-COMBUSTION ABSORPTION 
This group of technologies are based on flue gas containing CO2 entering a capture unit containing a liquid (solvent) that absorbs CO2. 

The CO2 is thereafter released from the liquid by heat and/or pressure release creating a CO2 rich stream, which can then be prepared 

for transport and storage or utilisation, while the liquid is returned to capture more CO2. Absorption generally gives a relatively high 

purity CO2 stream. Solvents that absorb CO2 tend to degrade and/or accumulate impurities from the flue gas, which are subsequently 

removed through a process called regeneration. 

POST-COMBUSTION ABSORPTION BY AMINES 

Post-combustion absorption by amines (chemical substances derived from ammonia), e.g., monoethanolamine, is one of the most 

developed and mature carbon capture technologies. As an example, the Boundary Dam Power Station in Canada has been capturing 

CO2 from coal combustion since 2014 using absorption by amines. CO2 is captured when it reacts with an amine-based solvent to 

form a carbonate salt, and is later released by increasing the temperature.v  

Amines usually require relatively high temperature to release CO2, which increases loss of amines that can be toxic to the environ-

ment.vi The amines could also be sensitive to acidic gases and oxygen and therefore decompose over time, which necessitates addi-

tional fresh solvent.  

The cost of amine absorption is dependent on factors including flue gas conditions, energy source and integration with other systems. 

Heat in the form of steam used for amine solvent regeneration in a cement plant typically contributes to nearly 50% of the CO2 

capture costs.vii 

CO2 capture costs on refineries are significantly higher than for cement, steel and power generation because of the complexity of a 

refinery with several small CO2 emission sources. Sector-specific CO2 avoidance costs by amine absorption are reported in the litera-

ture, e.g., Roussanaly et al.viii and the Global CCS Institute report.ix 

POST-COMBUSTION ABSORPTION BY CHILLED AMMONIA PROCESS (CAP) 

Post-combustion absorption by chilled ammonia process is very similar to the amine process, though ammonia (NH3) absorbs CO2 at 

a lower temperature. CO2 is generally released at a higher temperature and pressure, which can lead to lower downstream compres-

sion costs. 

The process is reported to be robust against impurities like acidic gases (NOX and SOX).x However, its challenges are: 1) the high 

ammonia vapour pressure; 2) how to control losses and emissions to the environment, and 3) the precipitation of solid compounds 

from the solution. 

The energy requirement of the process is closely linked to the energy demand of releasing CO2 from ammonia, but potentially less 

energy demanding than amine absorption. 

Absorption by chilled ammonia is a relevant carbon capture technology for the same industrial sectors as amine absorption, but there 

are still no chilled ammonia pilot plants in operation as of today. Optimization of process design and operability, and reduced capital 

cost is still considered necessary for large scale deployment.  

POST-COMBUSTION ABSORPTION BY HOT POTASSIUM CARBONATE (HPC) 

In a hot potassium carbonate process, CO2 is absorbed by potassium carbonate (K2CO3) and water forming as potassium bicarbonate 

(KHCO3). CO2 is later released from KHCO3 by increasing the temperature.  
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The energy used in the process can be a mix of thermal and electrical energy, depending on integration of the plant's energy system 

with its surroundings, e.g., excess heat sources and district heating networks.  

A hot potassium carbonate process usually requires relatively high temperature to release the CO2, though typically not as high as 

that required by amines.  CO2 capture by amines is usually faster and requires lower pressure (and therefore less electrical energy 

needed for compressors) than hot potassium carbonate.  

The process is sensitive to nitrogen oxide and sulphur oxide in the flue gas, as well as dust particles, hydrogen chloride and hydrogen 

fluoride. Pre-treatment of these components is necessary prior to CO2 capture. A Swedish district heating company, Stockholm Exergi, 

aims to capture CO2 from their biomass-based Combined Heat and Power plant with hot potassium carbonate technology, with 

operations starting by 2025. 

Horisont Energi, a Norwegian company, plans the construction of an oxyfuel process combined with autothermal reforming (ATR)2 

for large-scale production of hydrogen and ammonia with a hot potassium carbonate process for CO2 capture. 

POST-COMBUSTION ADSORPTION  
Adsorption differs from absorption by capturing CO2 using a solid CO2 carrier instead of a liquid. CO2 is released from the carrier by 

increasing temperature and reducing pressure, in many cases with less energy and chemicals than absorption. Adsorption technolo-

gies are generally less developed than absorption.  

A great number of different carriers are being developed, e.g., zeolites (a type of microporous minerals), to optimize efficiency and 

reduce energy demand. Zeolites are, however, sensitive to sulphur oxides (SOX), nitrogen oxides (NOX), oxygen (O2) and water, and 

purification is required before CO2 capture. 

POST-COMBUSTION MEMBRANE SEPARATION 
In this type of post-combustion technology, CO2 is separated from flue gas when flowing through a membrane. Membranes have 

potential advantages by requiring less energy and chemicals than absorption, but are less common and at a lower maturity level.  

Membranes are typically less sensitive for SOX and NOX than most absorbents and adsorbents, and there is no energy required for 

regeneration of the carrier. Energy is required to force flue gas through the membrane at sufficient flow rates. Electricity is used as 

the main energy input, and no hazardous chemicals are released when CO2 is captured by membranes. However, membranes are 

known to have a lower CO2 capture efficiency and less pure CO2 rich stream than absorption.  

Membrane technology was tested for CO2 capture at the Norcem cement plant in Norway, but Norcem chose to go forward with 

absorption by amines for the full-scale project (see Box 3. Longship).  

CALCIUM CARBONATE LOOPING (CAL)  
Calcium carbonate looping uses calcium oxide (CaO) to capture CO2, forming calcium carbonate (CaCO3) at ∼650°C. CaO is regener-

ated by increasing the temperature and releasing CO2.  

Calcium carbonate looping can be considered both a pre-combustion process and a post-combustion process, depending on the 

configuration. Calcium looping is considered relevant for cement production since calcium oxide utilised to capture CO2 is also one 

of the raw materials for cement production.  

Calcium carbonate looping has been demonstrated on a pilot scale at the La Pereda coal power plant in Spain. Another pilot plant in 

Darmstadt, Germany, has demonstrated calcium carbonate looping aimed for coal power plants, steel and cement plants. 

                                                                        
2 ATR is a technology used to produce a fuel gas mixture (synthetic gas or syngas) composed of hydrogen and carbon monoxide, typically using natural 
gas as feedstock.  
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Oxyfuel combustion 

The concentration of CO2 in flue gases is relatively low when air is used as an oxygen source for combustion. In an oxyfuel combustion, 

nitrogen is removed so the fuel reacts with nearly pure oxygen resulting in a higher flame temperature and relatively high CO2 con-

centration (60-75%) in the flue gas. This arrangement has the potential of reducing the energy demand for CO2 capture. The disad-

vantage is the energy demand to produce oxygen from air. 

Chemical looping combustion (CLC) can be considered a CO2 capture technology within the oxyfuel domain. Particles (often metal 

oxides) capture oxygen from air and transfer oxygen to the fuel reactor. When releasing oxygen, the particles are regenerated. Com-

plete combustion in the fuel reactor produces CO2 and water vapour. Therefore, the CO2 formed can be readily recovered by con-

densing water vapour, eliminating the need of an additional energy intensive CO2 separation.xi 

An oxyfuel pilot plant operated from 2008 to 2014 at the Schwarze Pumpe coal-fired power station in Brandenburg, Germany. The 

results showed that conventional CO2 capture by amine absorption was more cost-effective. A first demonstration oxyfuel plant for 

cement production is soon to be built at the Schwenk cement plant in Mergelstetten (Germany). 

Pre-combustion 

In pre-combustion CO2 capture, the CO2 is removed from the hydrocarbon feedstock, such as natural gas, prior to combustion. The 

process can be carried out in a traditional steam reformer where the hydrocarbon is converted to hydrogen (H2) and CO2. CO2 is then 

captured to create a CO2 rich stream that can be sequestered, and a H2 rich stream that can be used as a fuel or feedstock in other 

industrial processes such as ammonia production. Pre-combustion CO2 capture can be beneficial for certain applications by avoiding 

a low concentration of CO2 in flue gases that turns out to be energy demanding to capture. 

SORPTION ENHANCED REFORMING (SER) 
This technology combines reforming, water gas shift, CO2 capture and hydrogen production. The combined hydrogen production and 

CO2 capture gives a higher yield of hydrogen. Calcium oxide (CaO) is typically used for CO2 capture, and heat is needed for regenera-

tion.   

Since CO2 capture is an integrated part of the reforming process, it is difficult to determine the energy consumption and cost specif-

ically related to CO2 capture. 

ZEG Power have developed hydrogen production with sorption enhanced reforming, and the first plant will be completed in Øygar-

den, Norway, in 2022.  
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Table 1. Examples of TRL, capture efficiency, energy consumption and cost for various carbon 

capture technologies. 

CO2 capture category CO2 capture technology TRLxii Capture 

efficiency 

[%] 

Energy 

consump-

tion 

[GJ/tCO2] 

Cost [$/tCO2] 

Post combustion Absorption by amines 9 95 3-4  65-165xiii 

Absorption by chilled ammonia pro-

cess (CAP) 

7 80-90xiv 2-3xv 80xvi 

Absorption by hot potassium car-

bonate ('HPC') 

6-7 80-90xvii 2-3xviii 28xix 

(zero cost waste 

heat available) 

Post combustion adsorption 6-7 90 1-3xx 200-250 

Post combustion membrane sepa-

ration 

6-7 90xxi,xxii 1-2xxiii 

(electrical) 

100xxiv 

Calcium carbonate looping (CaL) 6-7 80-90xxv 2xxvi 20-75xxvii 

Oxyfuel Oxyfuel combustion 7 90-99xxviii  0.4-1.4xxix 50-60xxx,xxxi 

Pre-combustion Sorption Enhanced Reforming (SER) 5 90-99 * 45-125 

Direct air capture (DAC) Several possibilities 7 85-93xxxii 7-11xxxiii 136-1000xxxiv 

Bioenergy with carbon 

capture and storage 

(BECCS) 

Several possibilities 7 60-90xxxv 2-3 60–250xxxvi 

* Since CO2 capture is an integrated part of the reforming process it is difficult to determine the energy consumption and cost specifically related to CO2 capture. 

 
 

Box 1. Bioenergy with CCS (BECCS) 

Biomass extracts CO2 from the atmosphere when it grows, through the process known as photosynthesis. CO2 can therefore be 

removed from the atmosphere by capturing and storing CO2 from combusting biomass in a bioenergy plant. A range of carbon capture 

technologies can be applied for BECCS, e.g., Hot Potassium Carbonate technology that is currently being tested at a waste-to-energy 

plant at Stockholm Exergi - Värtaverket. It is assumed that post-combustion carbon capture on a bioenergy plant will have energy 

consumption, cost and capture rates in the same range as energy plants based on fossil fuel. 

One current example of BECCS can be found in the UK, where power company Drax has the ambition of becoming carbon-negative 

by 2030.xxxvii To get there, it has two pilot BECCS facilities in North Yorkshire (UK) testing two different capture technologies, one with 

C-Capture technology and one using technology Mitsubishi Heavy Industries. The former captures about a tonne of CO2 per day. The 

latter about 300 kg a day. The plan is to be at commercial scale by 2027 as part of the Zero Carbon Humber CCUS hub in the UK. This 

would be the world’s first net-zero industrial cluster by 2040 and would use a newbuilt CO2 and hydrogen pipeline network.xxxviii Drax 

are also looking into using CO2 to produce proteins for sustainable animal feed products or for molten carbonate fuel cells, which can 

then power and provide CO2 to a neighbouring horticultural site to improve crop yields.xxxix However, concerns have been raised 

around BECCS. Particularly about additional pressure it would put on limited natural resources and food production. It would also 

require huge amounts of water when used at scale.xl More studies on the full carbon-cycle impacts of large-scale deployment of 

BECCS are needed. A study in Nature Communications found that expanding bioenergy to meet the 1.5C limit could result in net 

losses in carbon from the land, and that protecting and expanding forests could be more effective.xli   
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Transport 

With at least fifty years of operations, CO2 transport is a well-established technology, although only partially associated with CO2 

storage. CO2 is transported mainly for the use in the hydrocarbon production industry: for Enhanced Oil Recovery (EOR) and Enhanced 

Gas Recovery (EGR) (see Box.2 for more details on EOR). In a very different domain, the industrial gases' sector has been providing 

CO2 primarily to the food and drink sector and horticulture, albeit on a much smaller scale.3 Importantly, these applications of CO2 

transport are part of the CCU value chain, and do not lead to permanent CO2 storage. The US is by far the largest market for CO2 

transport with around 70 million tonnes transported by pipelines annually.xlii In Europe, CO2 transport is well established, albeit at 

smaller scale, mainly via road, rail and ship.  

The TRL of CO2 transport is 9, placing it at the top of the technology maturity ladder.xliii It shares some features with the transport of 

substances already in circulation via pipelines, ships, rail and road, such as Liquefied Petroleum Gas (LPG) or Liquefied Natural Gas 

(LNG), although there are also inherent characteristics in the way CO2 transport is handled, not least because of its physicochemical 

properties.  

CO2 can be transported in all its physical states (phases): solid (called dry ice), gaseous, liquid and dense (also referred to as super-

critical). Depending on the phase and the mode of transport, different pressures and temperatures are applied to move CO2. Also, at 

the point of capture, CO2 will likely contain water and other impurities (up to 5%); these can damage the transmission infrastructure. 

Therefore, captured CO2 must be dehydrated and conditioned (purified) before it is transported.xliv This is particularly important in 

the case of CCS hubs or clusters - networks linking multiple points of CO2 capture with the storage site(s) by different modes of 

transport - where the composition of CO2 must follow an agreed specification to make it suitable for the network's safety and effi-

ciency.4 

CO2 transport has been reported to have an excellent safety record.xlv Occasional accidents, such as pipeline ruptures, can happen.5 

But CO2 pipeline transport has not proven to be more challenging in terms of safety than the transport of hydrocarbons,6 and the 

risks associated with CO2 can be managed by infrastructure operators, also in other modes of transport.  

In the majority of CCS projects, CO2 cannot be stored at the same place where it is captured; in such cases, transport becomes an 

indispensable element. The choice of the transport mode depends primarily on the location of the capture facility and the storage 

site, the distance between them, and the expected volume of CO2 emissions to be transported. In some cases, CCS projects may 

combine multiple modes of transport. 

Some of the elements often associated with capture, such as removal of impurities from captured CO2, or with storage, i.e., injection 

of CO2 into the reservoir, are in some projects considered as parts of CO2 transport. The boundaries of CO2 transport are determined 

on a project-by-project basis,xlvi which makes cost comparisons across different projects more difficult.  

                                                                        
3 Industrial gases sector sources CO2 mainly from manufacturers of ammonia where CO2 is a by-product of hydrogen production via Steam Methane 
Reforming. 
4 The issue of CO2 composition in the context of CO2 networks was explored by experts participating in the ALIGN CCUS project: https://www.align-
ccus.eu/our-results/wp2-transport  
5 In 2020, rapture of a CO2 pipeline in Yazoo County (Mississippi, USA) led to the evacuation of 300 residents evacuated, and 46 people were hospi-
talised. CO2 is not flammable or explosive, but it may cause asphyxiation (suffocation). See here for more details about the Yazoo Country accident: 
https://www.msema.org/news/pipe-ruptures-in-yazoo-county-dozens-hospitalized/  
6 This conclusion from 2005 IPCC Special Report on Carbon Dioxide Capture and Storage is still valid today.  

https://www.alignccus.eu/our-results/wp2-transport
https://www.alignccus.eu/our-results/wp2-transport
https://www.msema.org/news/pipe-ruptures-in-yazoo-county-dozens-hospitalized/
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The different modes of CO2 transport used today are described in the sections below, with their key characteristics summarised in 

Table 2. Some of the emerging but not yet commercially used transport modes like e.g., CO2 barges for inland water transport are 

outside the scope of this report. 7 

Pipelines 

The largest proportion of CO2 transport is carried out by pipelines. Both individual point-to-point pipelines and networks consisting 

of multiple pipelines are in operation.8 Most of the existing CO2 transmission systems have been built to serve the onshore oil and 

gas exploration industry, mainly in the US,9 which started developing its CO2 pipeline network in the early 1970's and is now operating 

8000 km of around 50 pipelines, carrying 70 million tonnes of CO2 on an annual basis and representing 85% of the global CO2 pipeline 

transport capacity.xlvii CO2 pipelines are also in operation in Brazil, Canada and China. In Europe, CO2 pipelines are used in the Neth-

erlands, Norway and Croatia.xlviii xlix 

While onshore pipelines represent the majority of this mode of transport, offshore pipelines are not uncommon. As an example, a 

CO2 storage site at Snøhvit (Norway) uses a 153 km long pipeline from the intermediate storage site on the coast to the injection 

facility in the Norwegian Sea (see Box 5 for more details about Snøhvit). Several planned CCS projects in Europe intend to use offshore 

pipelines too. 

CO2 pipelines are made of carbon or carbon-manganese steel,10 l and are usually thicker than modern natural gas pipelines to with-

stand pressures higher than the those needed to move natural gas. The material requirements and the equipment needed to put it 

in place makes the CO2 pipeline transport a high-cost endeavour. The use of steel in pipelines (or other types of CO2 transport equip-

ment) requires removal of water (dehydration) from captured CO2 to avoid corrosion; alternatively, an anti-corrosion coating can be 

placed inside the pipeline.  

The choice of the transmission phase (gas, liquid or supercritical), essentially a function of pressure and temperature applied in the 

pipeline, is determined by the properties of the environment, e.g., the soil temperature or the pressure level in the reservoir.11 li In 

most pipeline systems, however, the CO2 gas is compressed to a dense, fluid form (often described as supercritical phase) with shared 

properties of both gas and liquid. Compressors placed along the pipeline maintain the pressure needed to move CO2 in its dense 

phase. Ensuring high pressure levels requires significant amounts of energy to run the compressors and thus represents an important 

part of the pipeline operating costs. lii 

Importantly, in some cases existing oil and gas pipeline infrastructure could potentially be reused for CO2 transport over shorter 

distances. Such a concept has been proposed in the Acorn project in the UKliii with an objective to reduce the high capital costs of 

deploying CCS.12 It was estimated that reusing existing oil or gas pipeline represents only 1-10% of the construction costs of a new 

CO2 pipeline. However, the concept is limited to pipelines that are in a good technical condition and are laid in the proximity of saline 

                                                                        
7 Transport by barge is advertised by the Netherlands-based company Carbon Collectors, which intends to start using it in 2023 https://carboncollec-
tors.nl/CO2-transport-storage/  Another EU-based inland shipping company  is also considering this type of CO2 freight, according to information 
shared with Bellona by company’s representative. 
8 The latter model is analysed in the ZEP paper The costs of CO2 transport available here:  https://www.globalccsinstitute.com/archive/hub/publica-
tions/119811/costs-CO2-transport-post-demonstration-ccs-eu.pdf  
9 The Canadian CCS project Quest is one of the few examples of a non-EOR CCS project, storing CO2 captured from Shell Canada Energy’s hydrogen 
production, transported by a 65 km onshore pipeline and injected into a saline formation. Source: https://www.shell.ca/en_ca/about-us/projects-
and-sites/quest-carbon-capture-and-storage-project.html    
10 Carbon steel is more durable than other types of steel, but is more susceptible to corrosion. 
11 In some cases, additional compression requirements at the injection well may be avoided if the transport pipeline is operated at the pressure 
aligned with the downhole pressure of the injection well. This is planned for the Rotterdam CCS project Porthos: https://www.commissiemer.nl/pro-
jectdocumenten/00007542.pdf  
12 The research project announced in September 2021 by Wintershall Dea and Regensburg University of Applied Sciences will also assess existing 
pipeline infrastructure in the North Sea for CO2 transport and storage: https://wintershalldea.com/en/newsroom/wintershall-dea-investigates-con-
version-north-sea-natural-gas-pipelines-CO2-transport 

https://carboncollectors.nl/co2-transport-storage/
https://carboncollectors.nl/co2-transport-storage/
https://www.globalccsinstitute.com/archive/hub/publications/119811/costs-co2-transport-post-demonstration-ccs-eu.pdf
https://www.globalccsinstitute.com/archive/hub/publications/119811/costs-co2-transport-post-demonstration-ccs-eu.pdf
https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html
https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html
https://www.commissiemer.nl/projectdocumenten/00007542.pdf
https://www.commissiemer.nl/projectdocumenten/00007542.pdf
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aquifers or depleted hydrocarbon fields suitable for CO2 storage. Furthermore, natural gas pipelines are in most cases designed for 

lower pressures associated with transporting methane, whereas CO2 requires much higher pressure to maintain its supercritical 

phase, the most suitable condition for its transport. To exert less pressure on a less resilient gas pipeline, CO2 would be transported 

in its gaseous state. Given that CO2 takes much more space as a gas than as a fluid, pipelines designed for gaseous phase transmission 

would have to be built with a larger diameter to move the same tonnage as pipelines with a smaller diameter designed for dense 

phase transport - a requirement which increases their cost. Transport of gaseous CO2  in repurposed natural gas pipelines can still be 

an option for transport over shorter distances.liv 

Whilst costs of transport via pipelines are to a certain extent affected by the pipeline design, they generally increase together with 

the distance, and decrease as the flow rates go up. This favours pipelines with larger capacities (above 500 thousand tonnes of CO2 

per annum).lv 13 The Global CCS Institute reports indicative costs of CO2 transport by onshore pipeline in the US Gulf Coast, ranging 

from below USD 5 (180 km and 20 Mtpa) to around USD 25 (300 km and 1 Mtpa) per tonne of CO2.lvi 

Pipelines have the advantage over other modes of transport because they can move larger volumes of CO2 over the same distance 

and time; this favours large emitters and industrial clusters as the main candidates for CO2 pipeline transmission. However, pipelines 

naturally have limited flexibility of transport routes, and require large volumes to keep the operational costs low. 

  

                                                                        
13 To illustrate this, 500 thousand tonnes of CO2 is within a range of annual emissions of an individual midsize industrial plant. 
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Box 2. Enhanced Oil Recovery 

The oil industry began injecting CO2 into deep geological formations through the process known as CO2-EOR (Enhanced Oil Recov-

ery).14  It is predominantly done in the US, where commercial EOR operations started in 1972. The goal for this activity is to recover 

more oil. The industrial experience, technology maturity and domain knowledge on injecting CO2 into deep geological formations is 

comprehensive and publicly available. 

A new oilfield is initially developed and produced by simply allowing the natural pressure in the reservoir to force oil to the surface 

(primary recovery).  As oil is depleted from the reservoir, so is the natural pressure, and at some point, additional energy must be 

added to the reservoir to keep oil flowing. Primary oil recoveries are low, and range between 5 and 20% of the original oil-in-place 

(OOIP). So-called secondary recovery methods involve injecting either water and (or) natural gas into the reservoir for re-pressurizing 

and to potentially act as a water and (or) gas drive (sweep) to displace oil. This results in higher production rates and extends the 

productive life of the reservoir. The oil recoveries at the end of both the primary and secondary recovery phases are generally in the 

range of 20-40% of the OOIP, although in some cases, recoveries could be lower or higher, as in the North Sea, which typically has 

recovery in the range of 35–45 percent of OOIP at the end of secondary recovery.lvii The main reason so much oil still remains in the 

reservoir after water injection is that water and oil do not mix (are immiscible). Oil droplets are trapped in narrow pores in the 

reservoir rock after water flooding due to this. 

A widely used technology to increase oil recovery further (tertiary recovery) is to inject CO2 into the oil reservoir after the increase in 

recovery from water injection is achieved. At elevated temperatures and pressures, CO2 can act as a solvent in the oil reservoir, 

thereby displacing trapped oil drops at the microscopic level. This can result in high final recoveries, approaching 60-80%. This has 

motivated redeveloping older oil fields with CO2 injection (either with or without water injection) after they have reached the end of 

the productive phase under water injection. Hence the term CO2 Enhanced Oil Recovery (CO2-EOR). 

In North America, CO2-EOR projects produce about 300 thousand barrels of oil per day. In addition, a few CO2-EOR projects are in 

operation in Europe, Middle East, China and Brazil. The total CO2 injection into CO2-EOR fields is more than 60 million tons CO2 

annually. However, in the US more than 70% of this CO2 comes from natural reservoirs, which are developed and produced like 

natural gas fields.lviii Only a small part is captured for the purpose of storage from industrial activities, such as fertiliser production, 

gas processing or power generation. 

Recent technical studies indicate that CO2-EOR can store more carbon in the oil reservoir than is reproduced as a result of the extra 

oil recovery due to the CO2 injection. This effect is certain in the first 4-7 years of the CO2 injection, because the effect of the CO2 in 

the reservoir is delayed in terms of extra oil recovery. This situation reverses after that, and the extra oil recovery eventually results 

in more carbon coming to surface than is injected and stored in the reservoir. This has been extensively studied and reported. How-

ever, some have questioned the validity of CO2-EOR as an alternative for GHG emission reduction, as CO2 emissions result from the 

energy consumption throughout the EOR operation and, more significantly, from the combustion of the incremental oil produced. 

To answer the question of how much carbon is emitted in CO2-EOR projects, several carbon lifecycle analyses (LCA) have been con-

ducted and are available in the literature. The data indicate that every project must be analysed on its own characteristics, design, 

operation and results. lix lx 

EOR projects use CO2 to produce more oil. The resulting storage of some of that CO2 is not the goal but rather a by-product of this 

activity. Thus, while some experts consider CO2-EOR as CCS or as Carbon Capture Utilisation and Storage (CCUS), CO2-EOR is predom-

inantly an example of CCU. 

  

                                                                        
14 A good introduction to CO2-EOR  is found at https://www.netl.doe.gov/sites/default/files/netl-file/CO2_EOR_Primer.pdf . 

https://www.netl.doe.gov/sites/default/files/netl-file/CO2_EOR_Primer.pdf
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Ship 

Compared to pipelines, ships represent a small fraction of CO2 transport today. Norway paved the way for maritime CO2 shipping 

with the first carrier built in 1988.lxi Currently, CO2 carriers with cargo capacity up to 1800 tonnes CO2
15 are used for supplying CO2 to 

mainly European customers in the food and beverage sector and horticulture. Dedicated CO2 tankers, repurposed LPG tankers, or 

dual-use tankers can be used for CO2 maritime shipping. New CO2 ship designs are currently under development to serve large-scale 

CCS projects; for example, the Longship project in Norway will use newly built dedicated CO2 ships operated by Northern Lights JV, 

the company in charge of providing transport and storage for the CO2 captured at the industrial sites in Oslo and Brevik (see Box 3. 

Longship). 

Unlike pipelines, maritime CO2 transport will work in a non-continuous (batch-wise) delivery system, as carriers can only transport 

one cargo at a time. This system requires CO2 tanks for intermediate buffer storage in sea ports, which can store CO2 that is contin-

uously supplied from the CO2 capture facility until it can be loaded on the CO2 tanker. In some cases, intermediate storage is required 

near the final storage site, where CO2 delivered by ship is discharged in a dedicated facility before injection into the subsurface 

reservoir. Direct injection from ships is also possible.lxii  

Before CO2 can be stored in ports and loaded into special vessels on the ship, it has to be dehydrated and purified to avoid any 

damages to the equipment. It also has to be compressed and cooled into a liquid phase via a process known as liquefaction to achieve 

sufficient density that enables transporting more CO2 in a limited space. These operations require energy and thus incur costs.lxiii  

Crucially, ships are more flexible than pipelines (for maritime CO2 transport). As more offshore storage becomes available, the shipper 

will be able to transport CO2 to the storage site of their choice, based on costs or storage availability. In the case of CCS projects 

characterised by smaller volumes of CO2 (although it can be scaled up at a later stage), and/or over longer distances, the economics 

favour ships over pipelines, as the costs of building and operating very long pipelines become prohibitive.  

According to most recent estimates compiled by the Global CCS Institute and adapted to the US Gulf Coast, indicative levelised costs 

(capital and operating costs) of CO2 maritime shipping fall into an approximate range between USD 10/tonne CO2 to USD 25/tonne 

CO2. The costs of maritime CO2 transport depend primarily on the cargo size (they decrease as more volume is shipped) and the costs 

of capital, labour and energy associated with the project location, and less so on the distance.lxiv 

Road and rail 

Trucks are the main mode of road transport used for small-scale deliveries of commercial CO2, typically between the CO2 supplier 

and the final consumer. They can also be used to move CO2 from the capture installation to the port for subsequent carriage by ship, 

as is planned by Fortum Oslo Varme in its CO2 capture project at the waste-to-energy plant in Oslo (see  Box 3. Longship).  

CO2 requires purification before it can be transported by road. In most cases of road transport, liquid CO2 is delivered by either 

dedicated CO2 road tankers carrying special carbon steel tanks designed to maintain sub-zero temperatures and adequate pressure 

required to keep CO2 liquid, or in transportable tanks mounted on trucks used for various types of cargo. One tank contains up to 30 

tonnes of liquid CO2.lxv 16  Dry ice, often used as a cooling agent for preserving frozen food, and gaseous CO2 are usually transported 

in containers either by trucks or smaller delivery vehicles.  

                                                                        
15 An overview (including cargo size) of the fleet operated by the leading Norwegian CO2 ship management company Larvik is available here: 
https://larvik-shipping.no/fleet2/  
16 See here for an example of a transportable CO2 tank: https://www.ascoCO2.com/en/CO2-and-dry-ice-equipment/CO2-storage/transportable-CO2-
tank 

https://larvik-shipping.no/fleet2/
https://www.ascoco2.com/en/co2-and-dry-ice-equipment/co2-storage/transportable-co2-tank
https://www.ascoco2.com/en/co2-and-dry-ice-equipment/co2-storage/transportable-co2-tank
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Similar to road transport, liquid, solid and gaseous CO2 can be carried by train. Trains are sometimes used for deliveries of CO2 from 

an operating production plant to another plant (provided both plants have access to the railway) where CO2 production17 is tempo-

rarily suspended or reduced. In this case the latter plant uses CO2 from the former to meet the contractual obligations during down-

time.18  

Due to the nature of the rail infrastructure, trains offer less flexibility than road transport, but can move larger volumes than one 

truck on a single journey: just one tank carried by a single train wagon can transport about 40 tonnes of liquid CO2 compared to the 

25 tonnes which can be transported by a road tanker. This is also dictated by road safety regulations, limiting the weight of the road 

carriers. Trains can therefore support small-scale CCS projects where the construction of CO2 transmission pipelines is not feasible, 

provided that the capture unit and the storage unit are accessible by rail. Alternatively, rail could be used for one part of the route in 

projects using multiple modes of transport (multi-modal transport of CO2). 

Table 2. Summary of CO2 transport modes. Scale and costs are indicative. 

Mode of 

transport 

Scale  Cost per tonne of CO2  Phase Key characteristics 

Pipeline Up to millions tonnes of 

CO2 per annum. 

USD 5-25 

(depends on tonnage, distance 

and pipeline design) 

Mainly  

supercritical 

(dense), but liquid 

and gaseous also 

possible for 

shorter distances 

Represents the largest propor-

tion of CO2 transport. Point-to-

point pipelines or networks link-

ing multiple capture and stor-

age points can be used. Cost 

competitive for larger volumes, 

but over limited and fixed dis-

tance. 

Ship Up to 1800 tonnes of 

CO2 (single ship). 

Larger ships are being 

developed.  

USD 10-25  

(depends on distance and cargo 

capacity) 

Liquid Limited volumes, but more flex-

ible. More competitive than 

pipelines for longer distances. 

Road and 

rail 

Up to 30 tonnes (single 

road tank) and up to 40 

tonnes (single train 

tank). 

Costs vary depending mainly on 

the volume, distance, cost of 

fuel. As an indicative example, 

road tanker transport cost in 

2021 in one of the EU countries 

was ca. EUR 5/tanker (23 tonnes 

CO2)/km.19 

Gaseous,  

liquid or solid 

Small-scale transport, mainly 

for CO2 commercial use in food 

and drink industry. Generally 

reported as not competitive for 

large-scale transport. It can be 

used in multi-modal CO2 

transport projects.  

 

  

                                                                        
17 Here, ‘CO2 production’ refers to the processing of CO2 sourced by industrial gases companies (such as Air Liquide or Air Products) usually from 
ammonia or refineries production processes. 
18 Information obtained during an interview with a commercial representative of one of the industrial gas producers based in Central Europe. 
19 Information obtained during an interview with a commercial representative of one of the industrial gas producers based in Central Europe. 
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Box 3. Longship 

The Norwegian government has funded a broad portfolio of R&D activities related to CCS since the 1990s. This has culminated in a 

plan to realise full-scale CCS at two industrial sites in Norway, with transport of the captured CO2 to a shared new, permanent storage 

site on the Norwegian continental shelf (offshore). The State Budget for 2021 included a funding model for the first full-scale CCS 

projects and the conditions for further project development. The support programme consists of three parts: capture, transport and 

storage of CO₂, that together constitute the state-funded project named ‘Longship’, planned to start operations in 2024. 

The first industrial CO2 capture site in Longship is the Norcem (subsidiary of HeidelbergCement) cement plant in Brevik, on the south-

ern Norwegian coast. The new capture plant (post-combustion amine absorption) is being delivered by Aker Clean Carbon, and will 

abate about 50% of the CO2 emissions from the cement plant (400 thousand tons CO₂ yearly).lxvi Heat to the carbon capture unit will 

be supplied through integration with other parts of the cement plant, so no extra heat or fuel is necessary. The carbon capture unit 

will need additional electrical energy. The cost of carbon capture has been estimated to be around $120-150/tCO2.lxvii Construction 

has begun and capture operations will likely start in the fourth quarter of 2024. Importantly, for cement production, the only solution 

that can eliminate more than 90% of its CO2 emissions is CCS.lxviii  

The CO₂ will be transported by ship to a new reception terminal in Øygarden in Hordaland on the western coast of Norway. The CO₂ 

will then be sent through subsea pipelines and injected for permanently storage in a geological formation (saline aquifer consisting 

mostly of sandstone) about 2600 meters below the seabed. 

The second industrial site in Longship for CO2 capture is the Fortum Oslo Varme (FOV) waste-to-energy (WtE) facility. FOV will capture 

about 400 000 tonnes CO₂ yearly by post-combustion amine absorption (90+% capture rate),lxix using technology supplied by 

Shell/Technip. About half of the CO2 comes from organic wastes, with the overall capture process resulting in net carbon removal 

from the atmosphere. The cost of carbon capture has been estimated to be around $120-150/tCO2
lxx

. The project is currently finalizing 

its funding agreements including possible contribution from the EU Innovation Fund (results announced in mid-November 2021). 

Start of capture operations can begin as early as the fourth quarter of 2024. The CO2 will be liquefied and transported to the port of 

Oslo by electric tank lorry and then by ship to the same receiving terminal as used by Norcem.  

The transport and storage part of the project has been named Northern Lights. This is a joint venture between Equinor, Shell and 

TotalEnergies. It will develop Northern Lights in two phases. The first phase is part of the Longship project and has an estimated 

capacity of 1.5 million tonnes of CO₂ per year over an active injection period of minimum 25 years. A possible second phase is planned 

with an estimated capacity of 5 million tonnes of CO₂ per year. This additional transport and storage capacity is being offered to many 

potential capture projects in Northern Europe, and several of these have signed letters of intent with Northern Lights, indicating 

more than the 5 million tonnes yearly of planned capacity. 

The total costs for the Longship project, including all construction and operations for ten years, are estimated at NOK 25.1 billion 

(2.48 billion euros). The state’s total contribution is NOK 16.8 billion (1.66 billion euros), or about two thirds of Longship’s costs.  
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Storage 

Captured CO2 must be isolated away from the atmosphere to achieve mitigation of global warming. The means to isolate captured 

CO2 is to store it in rocks. This can be done by injecting liquid, pressurized CO2 in porous and permeable formations in the deep 

subsurface, or the CO2 can be isolated as mineralized solids in specific, reactive rocks in shallower formations at or near surface.  

Most of this experience in injecting CO2 into deep geological formations is motivated to increase oil recovery by the process known 

as Enhanced Oil Recovery (CO2-EOR) (see Box 2). However, a few injection sites have been operated for the sole reason of perma-

nently disposing of captured CO2, with no other use intended. The most prominent of these are the Sleipner Utsira, the Snøhvit and 

the Ketzin pilot CO2 storage projects. These are very briefly summarized in Box 5 and Box 6. 

The following sections provide a description of the different types of geological formations used for CO2 storage. Safety and risk 

management of storage is also discussed, followed by conclusions on CO2 storage potential. 

Physics and processes associated with permanent CO2 storage 

Rocks are classified by their origin in terms of geological processes. The main types are sedimentary, igneous and metamorphic. For 

the purposes of storing fluids or gases in the subsurface, sedimentary rocks are the main focus. But there are selected examples of 

potential CO2 storage in igneous rocks, where the injected CO2 can react with igneous rock minerals to form carbonates in solid form. 

Sedimentary rocks result from the transport of granular grains of rock (typically <0.5 mm in diameter) that have been eroded by 

geological processes over time, or have been created and deposited on the sea floor from the life cycle of coral reefs. The primary 

example of erosional processes is during ice ages and glaciation, when thick land ice and glaciers are formed. By their slow movement 

over millennia, glaciers and ice caps grind down mountain ranges. When the ice caps and glaciers melt, sand grains eventually collect 

in river beds, river deltas or sand dunes, they form masses that have porosity and permeability, even after these are buried deep 

under kilometres of other sedimentary and igneous rocks. These two sedimentary rock properties (porosity and permeability) are 

what create space and flow in subsurface geological formations, where fluids and gases can collect and be exploited through drilling 

and production or injection. This is the basis of petroleum production industry, seasonal natural gas storage industry, underground 

water (aquifer) production, and now, permanent geological storage of CO2. 

Some rock grains are small enough that when they collect to form mudstones and shales; these have very small porosity, very low 

permeability, and act to block flow. These form the geological seals above sandstones and limestones (that have high porosity and 

permeability), and allow fluids such as injected CO2 to collect in a stable state in the subsurface, instead of flowing towards the 

surface under the force of their own buoyancy relative to water, which occupies most of the subsurface pore space. Sealing for-

mations can also be formed by anhydrites and evaporites that form impermeable layers of salt. 

CO2 STORAGE IN BRINE FORMATIONS (SALINE AQUIFERS) 
The main CO2 storage strategy applied today is to inject near-pure CO2 into deep (usually 1-3 kilometres below surface) sedimentary 

formations that contain brine (non-potable water), also known as saline aquifers.  

The key to success is to map, model and evaluate the specific site for storage in terms of its ability to contain the required volumes 

of injected CO2 in a stable state over centuries and millennia. The physical process of storage consists of injecting the CO2 into the 

target subsurface formations using slightly modified wellbore technology already applied at thousands of sites across the globe by 

the petroleum industry.20 The injected CO2 displaces the brine, and begins to react with rock grains and dissolve into the brine where 

these are in contact. The CO2-saturated brine is slightly heavier than the natural brine, and will eventually begin sink to lower, deeper 

levels. Some of the CO2-saturated brine will react with rock minerals to form carbonates, i. e., more solid rock. These processes can 

                                                                        
20 See for example an explanation of how wellbores are drilled, completed, surveyed and eventually plugged on the following video: 
https://www.youtube.com/watch?v=wjm5k6Kf-RU   
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be slow, implying that much of the injected CO2 will remain in its liquid form (and buoyant relative to the brine it displaces) over 

centuries, before it is ultimately dissolved in brine or mineralised. This buoyancy is the risk issue for long-term storage security. 

The storage site evaluation process covers these natural geochemical reactions and dissolution that stabilize the stored CO2 over 

time, as well as natural flow processes that might move the stored CO2 outside the targeted layers and zones to a shallower level 

that might allow leakage to the surface.  

CO2 STORAGE IN DEPLETED OIL AND GAS FORMATIONS 
Oil and gas formations are almost exclusively in sedimentary rocks, and therefore, also have porosity, permeability and a proven seal 

above the petroleum-bearing formation (otherwise the petroleum would not be there). Depleted oil and gas formations are therefore 

also good candidates for CO2 geological storage. Compared to saline aquifers, they offer more reservoir and geological data collected 

during the production phase. They present however an additional risk of legacy wellbores, which might be difficult to properly seal 

against leakage of stored CO2. These situations must be evaluated on a case-specific basis, including any remedial sealing solution 

that might be required.  

CO2 STORAGE IN FAST-REACTING IGNEOUS ROCK 
Igneous rocks are generally more massive, with less porosity and permeability. In some sites, there is however a large network of 

fractures in igneous rocks that in fact can be used to store CO2. The enabling feature is that the stored CO2 reacts very quickly with 

the igneous rocks to form stable, solid carbonates in the fracture network. The best example of this CO2 storage strategy is on Iceland 

at the CarbFix project site, where a continuous process for mineralizing three million tonnes of CO2 yearly is in development, with 

planned full-scale operations by 2030 (see Box 4. Direct Air Carbon Capture).lxxi 

A CO2 mineralization study has been completed in the country of Oman, mapping the known natural CO2 uptake by the mineral 

outcrops in Oman. The best estimates based on this study indicate that 100 000 tonnes CO2 is mineralized yearly, by completely 

natural and spontaneous reactions. This is currently being evaluated for a larger-scale, engineered project to accelerate and increase 

mineralization of CO2 collected from point sources and transported to the mineralization project site.lxxii This concept also requires 

wellbores to be drilled and outfitted with equipment for injection of a CO2-brine blend. 

Box 4. Direct Air Carbon Capture and Storage (DACCS)  

Direct Air Carbon Capture and Storage (DACCS) is a technology designed to remove CO2 from the atmosphere by capturing and storing 

it in a permanent manner, contributing to negative emissions (see Box 7). The first stage of DACCS, the direct air capture is generally 

more difficult than capturing CO2 from a flue gas in industrial processes, since the CO2 concentration in the atmosphere is much lower 

(0.041%). To capture CO2 at such low concentration, DAC requires more energy and is therefore much costlier than CO2 capture at 

industrial sites. It is vital for DAC projects to ensure that their energy comes from renewable sources to achieve net carbon removals. 

Several carbon capture technologies can be used to capture CO2 from the air, e.g., absorption that involves amines and potassium 

hydroxide solutions. There are several pilot plants currently in operation, e.g., the Orca plantlxxiii developed by Climeworks in Iceland, 

and powered by geothermal energy, that will remove 4000 tons of CO2 from the atmosphere per year to be stored by a company 

called Carbfix in igneous rocks (in this case: basalt rocks) using a technology that imitates and accelerating a naturally occurring 

process of permanent and safe storage of CO2 through its mineralisation.lxxiv 

CO2 STORAGE IN UNMINEABLE COAL BEDS 

CO2 has been injected into coal seams to extract more methane in a process known as Enhanced Coal Bed Methane (ECBM) recovery 

for over 20 years.lxxv Because CO2 binds to coal more easily, it will displace methane and result in stored CO2.lxxvi According to the 

German Federal Institute for Geosciences and Natural Resources, one ton of coal could adsorb 30 - 35 m3 of CO2 at pressures of 5 to 

8 MPa (megapascal) and one molecule of methane can be exchanged by 1.5-6 molecules of CO2 depending on the pressure.lxxvii A 
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study by IEAGHG estimated costs of capturing CO2, transporting it 300 km and storing it in the best site at $30-50/tonne CO2.lxxviii Key 

issues are swelling of the coal seams, and an overall low level of understanding of the process of injection into coal seams. Swelling 

of the coal seams is caused by CO2 adsorption. This could alter the internal rock structure affecting flow and reducing permeabilitylxxix. 

Co-injection of nitrogen could reduce this effect but at the cost of displacement efficiency. lxxx More research is needed on the inter-

actions between coal and various gases.lxxxi A key reason for the limited knowledge on coal CO2 sequestration is the heterogeneous 

nature of coal resulting in location-specific properties.lxxxii 

The safety case and risk management strategy of CO2 geological storage 

The question of the safety and efficacy of CO2 geological storage has been posed by stakeholders across society on all continents. 

Several public and private organisations have collected evidence since as early as 2000 and condensed this into compact summaries 

for a general audience.21 The global science and technology community organised by the International Panel on Climate Change 

(IPCC) summarized in 2005 their collective evidence and insight into CO2 geological storage.lxxxiii Chapter 5 in the IPCC report presents 

the safety features of CO2 geological storage. 

Environmental risks related to possible leakage at offshore storage sites have also been extensively studied, both in terms of detect-

ability and consequences, for a range of typical biotopes and seafloor settings.lxxxiv  

A global assessment of the potential effects of leaky storage sites has been performed for a set of plausible scenarios by Alcalde et 

al.lxxxv Their take-away conclusion states:  

‘We calculate that realistically well-regulated storage in regions with moderate well densities has a 50% probability that leakage 

remains below 0.0008% per year, with over 98% of the injected CO2 retained in the subsurface over 10,000 years. An unrealistic 

scenario, where CO2 storage is inadequately regulated, estimates that more than 78% will be retained over 10,000 years. Our model-

ling results suggest that geological storage of CO2 can be a secure climate change mitigation option.’ 

A storage site must be qualified according to a risk-based standard in order to be approved for a license. This is a more robust process 

than the typical prescriptive compliance standard in which all risk sources are treated equally independent of their risk level.  The 

risk-based process is inherently site-specific. In other words, CO2 cannot be injected and stored into any subsurface location. The 

geology and a specific set of other site characteristics must be confirmed to be suitable according to a fit-for-purpose, site-specific 

design and operation plan before a license can be issued. This process is standardized at a high level, but the actual details of data 

collection, mapping, characterization and risk/performance evaluation are unavoidably site-specific, and will evolve as more 

knowledge is collected and new technologies are applied. 

A CO2 leak becomes a health hazard at concentrations above about 60 000 ppm (or 6%). This threshold can be realised at locations 

adjacent to leaks from pipelines and process equipment under pressure. The risks related to such potential leaks have been exten-

sively analysed in controlled field leak experiments, which have also been used to calibrate numerical models of leak scenarios.22 

                                                                        
21 The European Zero Emissions Platform has produced a summary document regarding evidence of safe CO2 storage. See https://zeroemissionsplat-
form.eu/CO2-storage-safety-in-the-north-sea-implications-of-the-CO2-storage-directive/  
The Norwegian CCS Center has produced a popular version of the case of safe CO2 storage based on comprehensive research results. See 
https://blog.sintef.com/sintefenergy/ccs/the-safety-of-CO2-storage/  
The most prominent global CCS advocacy organisation Global CCS Institute has also produced a summary of evidence for safe CO2 storage. See 
https://www.globalccsinstitute.com/wp-content/uploads/2018/12/Global-CCS-Institute-Fact-Sheet_Geological-Storage-of-CO2.pdf  
The Carbon Sequestration Leadership Forum, which is an international organisation of CCS departments in national governments, has also compiled 
its evidence for safe CO2 storage. See https://www.cslforum.org/cslf/sites/default/files/documents/CSLF_inFocus_CO2Storage-Safe.pdf  
The organisation with perhaps the longest track record and largest database is the US Department of Energy Office of Energy Technology. They have 
also summarised their results regarding safe CO2 storage at https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety  
22 As a starting point to the subject of risk management of CO2 pipelines, see the article https://www.pipeline-journal.net/news/ccs-recommended-
practice-updated-dnv-energy-transition-picks-pace . An example of a quantitative risk analysis (QRA) for the planned CO2 capture plant at the Fortum 
Oslo Varme CO2 capture facility can be found at https://www.dsb.no/globalassets/dokumenter/horinger-og-konsekvensutredninger/fortum-oslo-
varme-as/5.1-nc03i-fov-s-ra-0004-01-qra_til-horing.pdf . 

https://zeroemissionsplatform.eu/co2-storage-safety-in-the-north-sea-implications-of-the-co2-storage-directive/
https://zeroemissionsplatform.eu/co2-storage-safety-in-the-north-sea-implications-of-the-co2-storage-directive/
https://blog.sintef.com/sintefenergy/ccs/the-safety-of-co2-storage/
https://www.globalccsinstitute.com/wp-content/uploads/2018/12/Global-CCS-Institute-Fact-Sheet_Geological-Storage-of-CO2.pdf
https://www.cslforum.org/cslf/sites/default/files/documents/CSLF_inFocus_CO2Storage-Safe.pdf
https://netl.doe.gov/coal/carbon-storage/faqs/permanence-safety
https://www.pipeline-journal.net/news/ccs-recommended-practice-updated-dnv-energy-transition-picks-pace
https://www.pipeline-journal.net/news/ccs-recommended-practice-updated-dnv-energy-transition-picks-pace
https://www.dsb.no/globalassets/dokumenter/horinger-og-konsekvensutredninger/fortum-oslo-varme-as/5.1-nc03i-fov-s-ra-0004-01-qra_til-horing.pdf
https://www.dsb.no/globalassets/dokumenter/horinger-og-konsekvensutredninger/fortum-oslo-varme-as/5.1-nc03i-fov-s-ra-0004-01-qra_til-horing.pdf
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The primary tool for avoiding leaky storage sites is to apply a recognised risk-based CO2 storage site qualification and selection pro-

cess.23 The starting point is to collect a large candidate set of relatively coarsely sorted potential storage sites that can be funnelled 

down to 50-100 potential storage sites. This final ‘short list’ can then be evaluated using the detailed risk-based process including fit-

for purpose site data collection, modelling, etc. 

Industry capacity 

One study by two CO2 storage expertslxxxvi has estimated that the world’s known geological basins suitable for CO2 storage have 

sufficient capacity for storing 7-12 billion (Gigatons) CO2 annually (Gtpa) using 10-14 thousand CO2 injection wells; for comparison, 

global fossil CO2 emissions in 2019 reached 38 Gt CO2.lxxxvii  

The experts performed more detailed analysis for the following cases where data is readily available. Here are highlights from their 

conclusions. 

 A single ‘Gulf-of-Mexico (GoM) well development’ CO2 injection model could achieve the 7 Gtpa storage by 2043 and 12 

Gtpa by 2050. Cumulative storage in 2050 would be 116 Gt. For comparison, the carbon budget estimated by the IPCC, i.e., 

the amount of CO2 that the world can emit under the 1.5 degrees scenario estimated as a 50% chance to limit the temper-

ature increase to 1.5 C degrees, as of 2021 is 460 Gt CO2.lxxxviii 

 Alternatively, five ‘Norway offshore well development’ models could achieve the 7 Gtpa storage by 2050. Cumulative stor-

age in 2050 would be 73 Gt. 

 Cumulative storage of >100 Gt by 2050 is most efficiently achieved with 5–7 regions pursuing a Norwegian-scale offshore 

well development model using individual well injection rates between 0.5–1 Mtpa, although it could be achieved with a 

single GoM model with 0.7 Mtpa injection rates. 

 

Their extrapolation substantiates that it will take a small fraction of the historical worldwide offshore petroleum well development 

rate to achieve significant CO2 storage rates in the context of global emissions reductions.  

 

Geological storage potential for CO2 in Europe (cumulative) has been estimated at 134 Gt CO2 (taking into account storage restrictions 

in some Member States) according to the International Oil and Gas Producers (IOGP) association. lxxxix For comparison, in 2019, the 

EU emitted 3.3 Gt CO2.xc  

 

 

 

 

 

 

 

 

                                                                        
23 See for example the CO2 geological storage site qualification process service provided by DNV. 
https://rules.dnv.com/docs/pdf/dnvpm/codes/docs/2013-07/Dss-402.pdf  

https://rules.dnv.com/docs/pdf/dnvpm/codes/docs/2013-07/Dss-402.pdf
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Box 5. The Sleipner Utsira and Snøhvit CO2 storage sites 

The oldest injection site used for pure disposal of CO2 is the Sleipner Utsira CO2 storage project run by the Norwegian oil and gas 

company Equinor. The project began operating at the offshore Sleipner Field (Norwegian shelf) in 1996. It has injected and stored in 

total about 22 million tons CO2. The project inspired researchers across the globe to study the process. Generous support for these 

activities has made the Sleipner Utsira CO2 storage project one of the most monitored, modelled and analysed injection projects in 

the industry.xci 

All evidence, modelling and analysis confirms that there is no stored CO2 escaping the targeted geological formation at Sleipner Utsira 

site, which is a saline aquifer about 1000 meters below sea level.xcii,xciii 

In addition to Sleipner, Equinor also operates the CO2 storage site at the Snøhvit field offshore Norway (Barents Sea). The company 

extracts natural gas from the Snøhvit field, liquefies it at the nearby LNG plant located on the Melkøya island, captures CO2 from the 

gas processing operations (using the amine absorption technology), transports (by pipeline) and injects it into the deep saline aquifer 

adjacent to the gas field, around 2.5 km under the sea bed. While this project has had various operational challenges, it has succeeded 

in storing about seven million tons CO2 since 2005.xciv 

Box 6. The Ketzin storage pilot 

The most prominent pilot storage site on land in Europe is sited at Ketzin, near Potsdam, Germany.xcv It began as a research and 

development project from the Potsdam Helmholtz Geoforschungszentrum in 2004, which operated the site throughout its life cycle. 

A total of five boreholes were sunk in 2007, 2011 and 2012. Porous and permeable sandstones were found at depths around 650 m 

below surface. A sealing cap rock of about 150 m thickness was mapped above the storage target sandstones.  

This project followed the complete cycle of designing, drilling, injecting, monitoring, plugging and post-injection monitoring. While 

the total storage was a modest 67 000 tonnes CO2 after about six years of injection (2008-2013), the post-injection data collection 

revealed much more positive results on storage security than expected. The site has since been completely plugged24 and de-com-

missioned. 

The post-injection data collection and analysis confirmed that CO2 immobilization by mineral trapping apparently starts immediately 

after injection finished; newly formed carbonates are heterogeneously distributed within the reservoir, as are the minerals that pro-

vided components (mainly calcium and iron) for their formation; and the percentage of CO2-sequestering minerals increased over 

time and maximized to ~7 % at the thin-section scale. 

  

                                                                        
24 Well-plugging is a common practice in the oil and gas industry to discontinue the production by filling the wells usually with cement to stop the 
flow of the fluid such as oil or CO2. 
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Utilisation 

Carbon capture and use (also known as carbon capture and utilisation, CCU) refers to the process of capturing CO2 from either con-

centrated point sources (e.g., industrial plants emitting either fossil or biogenic CO2), natural fossil sources such as deep reservoirs 

or directly from the air, and using it, either in its pure form or as a raw material for producing other value-added products. 

CO2 has been used in various industries over the past few centuries. Its earliest applications were in the beverage industry, where it 

was used for producing carbonated water since the 1700s.xcvi xcvii 

Since then, CO2 has become a versatile solvent and working fluid commonly used in various production processes. For instance, today 

CO2 is mostly used directly as a solvent in enhanced oil recovery (see Box 2. Enhanced Oil Recovery) xcviii, processing and making 

materials,xcix the food and pharmaceutical industry, the medical industry,c, 25 and in other uses. 

While historically CO2 was mostly used as it was found (in its molecular form), most technologies that are prominent today use CO2 

as a feedstock and convert it into value-added products such as fuels, chemicals or building materialsci,cii,ciii,civ. In some cases, such as 

integrated ammonia-urea plants, CO2 is captured and utilised on the same production site. Otherwise, it can be transported to be 

used in a different facility. 

Figure 1: Examples of direct use of CO2 and its conversions to other value-added products. 26  

 

Source: IEA 2019, The Royal Society 2017 and Jiao et al. 2021. 

                                                                        
25 CO2 is also used as a cooling agent in its solid form (dry ice).  
26 The figure does not provide an exhaustive list of all uses of CO2. 
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Such conversions of the CO2 molecule can either be done by breaking it down with enzymes (as is done through photosynthesis) or 

in a chemical process where a catalyst is used to synthesise a new chemical.cv These types of conversions, either chemical or biolog-

ical, are the focus of the research and projects that are being developed by the CCU industry today.  

In the past few years, most of the research and development efforts have focused on the use of CO2 as a raw material to produce an 

‘energy carrier’. However, CO2 hardly carries any energy in its pure form; being a very thermodynamically stable and inert molecule, 

CO2 is not easily transformed into energy-dense chemicals or fuels. Combustion of fossil fuels for energy production releases CO2, so 

turning it back into a useful fuel is an uphill battle and generally requires large amounts of energy.  

Most CCU products that are being developed today aim to supply this energy to the process by pairing the inert CO2 with hydrogen 

(H2). For example, CO2 can be converted to a synthesis gas containing carbon monoxide (CO) with the help of a catalyst (such as iron 

oxide)27 or through a reverse water-gas shift reaction (CO2 + H2 → CO + H2O). Hydrogen is also added to the mix and then the mixture 

can go through a series of chemical reactions (i.e., the Fischer-Tropsch process), converting it into liquid hydrocarbons similar to the 

ones produced by the oil and gas industry.cvi Efficiency losses in the process can be large and for the production of CCU fuels can 

amount to 48% of the initial renewable energy used in the process.cvii 

The inefficiencies of the process usually result in large electricity requirements for the production of CCU products such as fuels: to 

produce a small amount of fuel, a large amount of renewable electricity is needed. For instance, replacing all aviation fuel sold in 

Denmark with equivalent CCU fuels would require approximately 25 TWh, which is 70% of total electricity currently being produced 

in the country.cviii Due to these large electricity requirements, renewable electricity often makes up the lion’s share of the cost of the 

final CCU product.cix 

The climate impact of a CCU products  

Carbon capture and use results in an immensely diverse category of products, and the differences between them warrant a case-by-

case analysis of their climate impact. While some can contribute to climate action, others have the potential to increase emissions 

and exacerbate the very issue that they aim to fix.  

Along with the energy used in the process of its production, the extent to which a CCU product can contribute towards climate change 

mitigation also depends on whether and when the captured CO2 is released into the atmosphere. Climate change can only be miti-

gated when the product can keep the CO2 away from the atmosphere for a very long time (i.e., centuries). cx  

Due to the diversity of CCU products, the time of storage of the CO2 varies significantly, ranging from a few months for a ‘CCU fuel’ 

to a few centuries for a ‘CCU mineral’. It is vital to recognise these differences in storage time because the use of CO2 in fuels and 

short-lived chemicals has very limited climate benefit compared to the climate benefit of permanent sequestration solutions such as 

concrete or carbonates ('CCU mineral').cxi 

 

 

 

 

 

                                                                        
27 This process should be distinguished from the use of fossil off-gases coming from industrial point sources, such as steel mills. 
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Figure 2: Storage time of various CCU products, compared to permanent CO2 storage  

 

Source: Bellona 

 

So far, most of the direct use of CO2 has not been legally recognised as a part of climate change mitigation efforts, since the CO2 used 

is emitted in or after the use process. However, with the ever-growing range of products that can be put into the CCU category, some 

stakeholders have argued that there are climate benefits to using CO2.  

Regardless of the type of CCU product, a full life cycle assessment is needed to estimate its climate impact. It depends on: (1) the 

carbon footprint of the energy or electricity used to produce the product and (2) the storage time of a given CO2 molecule in the 

product.  

The calculation of the climate footprint of these products must account for: 

1. The source of CO2 (e.g., fossil CO2 coming from industry) 

2. The resources and inputs (e.g., the electricity used for the production of H2) 

3. The final emissions at the end-of-life stage of the product (e.g., final combustion of a fuel) 

If the CCU product does not store the CO2 molecule, its theoretical emission reduction potential is inherently limited to 50%.xii In 

other words, if a tonne of CCU fuel claims to be ‘replacing’ a tonne of conventional kerosene, it eliminates one of the two emissions 

that would otherwise be emitted in the system, as illustrated in Figure 3 below, and therefore, theoretically only halves emissions (-

50%). With efficiency losses incurred in the production and the usage of the fuel, that reduction in emissions becomes even smaller. 
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In addition to these elements, the knock-on effects on other technologies should be considered. These products should not hinder 

the deployment of more efficient decarbonisation options, such as the direct use of renewable electricity.  

 

Figure 3: CCU products which do not store the CO2 for a significant period of time (i.e., centuries) are not 

carbon neutral  

 

Source: Bellona 
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Chapter 2. CCS policy framework in EU 
This chapter provides a high-level description of EU climate policy regarding CCS, starting with the recognition and introduction of 

CCS as one of the vehicles of EU decarbonisation and explaining how the perception of CCS has evolved in recent years. This is 

followed by an analysis of the EU regulatory framework and EU funding instruments and sources for CCS. 

Strategic policy framework 

First decade 

CCS entered the EU policy stage following the work related to the second European Climate Change Programme, established in 2005. 

Six working groups were set up by the Commission to work out cost-effective options of emission reduction in various economic 

sectors,cxii  including a dedicated working group on Carbon Capture and Geological Storage. That same year (2005), the IPCC published 

its landmark report on CCS as an option for climate change mitigation.cxiii The following year, the CCS working group set up by the 

Commission published a report that 'stressed the need for the development of both policy and regulatory frameworks for CCS and 

urged the Commission to undertake further research into the subject'.28 This was echoed by EU member states during three European 

Council meetings in 2007-2008, and led to the plan to deploy 12 CCS demonstration plants in the EU by 2015. The idea of CCS as a 

climate solution gained a lot of traction in EU members states, not least due to its compatibility with coal-based power plants, a 

feature that made it particularly attractive for countries such as Poland, which were not ready to part ways with fossil fuels.    

During this time, in 2007, the EU announced its 2020 climate and energy targets. The 20% GHG reduction target was to be attained 

mainly by abating emissions from the power sector, responsible for the lion’s share of EU GHG emissions. Renewable energy and CCS 

were considered as the key decarbonisation technology pathways. 

The regulatory work around CCS culminated in 2009 when the so-called 'CCS Directive' drafted by the Commission was adopted by 

the European Parliament and the Council of the EU. The act primarily regulates CO2 storage, although it brought about changes and 

removed some of the legal barriers associated with CO2 capture and transport in other EU legislation (see the below section on the 

current regulatory framework around CCS), and in international law, such as the International Maritime Organisation (see Box 8. 

London Protocol). In the 2015 review of the CCS Directive, the Commission concluded that the law was fit for purpose. 

All seemed to be in place for CCS to move the needle on emission reduction. The EU Emissions Trading Scheme (EU ETS) had already 

been set up to send a price signal to drive low-carbon investments, including CCS. Funding instruments had been established, com-

prising nearly €2 billion to help European power generation companies deploy the CCS demonstration plants, alongside renewable 

energy projects, using EU ETS revenues (via a dedicated programme, the NER300, funded through ETS auctioning revenues) and EU 

budget funding, in addition to companies’ own capital. The year 2013 brought the TEN-E regulation (see section on TEN-E Regulation), 

which provided EU support to cross-border CO2 transport projects. A Strategic Energy Technology plan (SET-Plan) was launched in 

2007, together with the Zero Emissions Platform (ZEP) to advise the Commission on CCS and CCU technologies. Yet, except for one 

project in Spain, which was eventually decommissioned before achieving demonstration scale, none of the planned 12 CCS projects 

have materialised. 

In 2018, almost a decade after the EU embarked on its CCS deployment project, the European Court of Auditors assessed the EU 

funding programmes directed at CCS. It pointed out the key reasons why they failed despite the significant amounts of public money 

that had been spent on them.cxiv Key among them were uncertainty around regulatory frameworks, policies, and public financing in 

the aftermath of the financial crisis of 2008. The lower-than-expected carbon price during 2012-2017, when the CO2 price in the EU 

                                                                        
28 The preamble of the CCS Directive briefly recounts the origins of the CCS regulatory framework in the EU https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/PDF/?uri=CELEX:32009L0031&from=EN  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009L0031&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32009L0031&from=EN
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ETS did not exceed €10/tonne,cxv significantly reduced the ETS auctioning revenues allocated for the demonstration projects. Fur-

thermore, the design of NER300 and its project-selection procedures were found to be complex and inflexible. In certain countries, 

CCS failed to gain public acceptance, which dealt the final blow to some of these projects.cxvi  

Towards climate-neutrality: new role for CCS 

As the prospect of deploying CCS in the EU seemed to be fading away, the tide started to turn following the publication of the 2018 

Special Report by the IPCC, which had been requested by United Nations Framework Convention on Climate Change (UNFCCC) in the 

Decision of the COP21 in Paris in 2015. The report was to assess "the impacts of global warming of 1.5 °C above pre-industrial levels 

and related global greenhouse gas emission pathways'.cxvii The 2018 Special Report called for 'global net anthropogenic CO2 emissions 

[to] decline by about 45% from 2010 levels by 2030 […], reaching net zero around 2050' to avoid the overshoot of 1.5°C.cxviii  

The plea from the IPCC brought a new sense of urgency and inspired the governments of several countries to announce more ambi-

tious emission reduction targets. The European Commission responded to this by updating its long-term 2050 climate strategy A 

Clean Planet for all, published in November 2018.cxix The document signalled the ambition of the EU to achieve climate neutrality by 

2050, which was later confirmed in the landmark European Green Deal proposal in December 2020, and after the political agreement 

among the member states, ultimately enshrined in the EU Climate Law, which entered into force in July 2021.cxx  

The EU net-zero ambition offered an opportunity for a 'CCS reset'. The Commission listed CCS as one of the seven pathways to a net-

zero economy in the 'A Clean Planet for all' communication published in 2018. Interestingly though, the Commission mentioned 'the 

rapid deployment of renewable energy technologies, other options to reduce emissions in industrial sectors and issues concerning 

social acceptance' as factors that reduced the potential of CCS. Still, the strategy considers CCS as a way to decarbonize the energy-

intensive sectors, and to produce 'carbon-free hydrogen' (see Box 9. Blue Hydrogen), at least 'in the transitional phase'. This was later 

reiterated in the Hydrogen Strategy and in the Strategy for Energy System Integration, both published in July 2020. 

Crucially for CCS prospects, the Commission acknowledged that to become climate-neutral, the EU will need to use negative emis-

sions technologies (see Box 7. Negative emissions and Carbon Dioxide Removal (CDR)) to offset the emissions that are difficult to 

abate, such as those from agriculture. In addition to nature-based solutions such as afforestation, negative emissions can also be 

achieved in power and heat generation by using biomass energy with CCS (see Box 1. Bioenergy) or through capturing CO2 directly 

from the air (See Box 4. Direct Air Carbon Capture) and storing it permanently.  

The European Green Deal has also accelerated the work on sustainable finance taxonomy, which aims to help direct capital to invest-

ments in sustainable projects. Importantly, the taxonomy recognizes CCS as a sustainable activity, which can be expected to build 

confidence in the investor community and to help finance its deployment (see below section on Sustainable Finance Taxonomy for 

more details). The Commission’s updated Industrial Strategy, published in May 2021, also indicated the need to invest in CCS and 

CCU infrastructure. 

The latest landmark proposal by the European Commission, the 'Fit-for-55', aims to operationalize the climate policy goals laid out in 

the European Green Deal with the perspective of 2030, in order to pave the way for climate neutrality in 2050. A more ambitious 

emission reduction target of 55% by 2030, an increasing focus on industrial decarbonisation, coupled with increased funding for 

demonstration projects, might provide a new impetus for CCS deployment. Additionally, the proposal to charge emissions associated 

with imported products through the Carbon Border Adjustment Mechanism (CBAM) will likely phase out free allocation of ETS allow-

ances. Free allocation, a carbon leakage29 protection measure for EU heavy industries, has reduced the ETS costs for the industry and 

thus has not incentivised a substantial reduction of carbon emissions from their operations. If and when free allocation is phased-

out, full exposure to ETS costs will likely motivate the industry to deploy emission abatement technologies, including CCS. 

                                                                        
29 'Carbon leakage refers to the situation that may occur if, for reasons of costs related to climate policies, businesses were to transfer production to 
other countries with laxer emission constraints', as defined by the European Commission https://ec.europa.eu/clima/eu-action/eu-emissions-trading-
system-eu-ets/free-allocation/carbon-leakage_en  

https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets/free-allocation/carbon-leakage_en
https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets/free-allocation/carbon-leakage_en
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The impact assessment analysis done ahead of the Fit-for-55 proposal confirmed once more that the Commission sees a major role 

for CCS in its emission reduction scenarios.cxxi  During the CCUS Forum, a high-level event organised by the Commission on 11 October 

2021, the two most prominent representatives of the European Commission in the area of energy and climate, Executive Vice-Presi-

dent of the European Commission Frans Timmermans and Commissioner for Energy Kadri Simson, affirmed that the EU needs CCS 

and CCU to achieve climate-neutrality. Up to 600 million tonnes could be stored on an annual basis in 2050, according to some of the 

Commission's decarbonisation scenarios.cxxii 

Summing up, since 2009, CCS has had a firm place in the EU climate policy framework. It has not lost it despite the failure of the early 

projects. On the contrary, the net-zero ambition provided a new rationale for CCS. Rather than saving coal-based power generation, 

it is increasingly directed towards industrial decarbonisation, hydrogen production, and as a way to achieve negative emissions. The 

legislative basis, as well as the financial instruments underpinning the policy ambition, are partly in place and partly underway, as is 

described in the following sections. 
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Box 7. Negative emissions and Carbon Dioxide Removal (CDR) 

To stabilise CO2 concentrations in the atmosphere, it will be necessary to both vastly reduce the amount of CO2 emissions and in-

crease its removals from the atmosphere. CCS is often confused or mistakenly used interchangeably with Carbon Dioxide Removal 

(CDR). This confusion is understandable but must be corrected, as not all CCS is CDR. 

CDR is an umbrella term for the various ways of physically removing CO2 from the atmosphere and placing it someplace where it will 

not re-enter the atmosphere. This concept is also referred to as negative emissions. To achieve this, one must follow four key princi-

ples: 

1. CO2 is physically removed from the atmosphere. 

2. The removed CO2 is stored out of the atmosphere in a manner intended to be permanent. 

3. Upstream and downstream GHG emissions, associated with the removal and storage process, are comprehensively estimated and 

included in the emission balance. 

4. The total quantity of atmospheric CO2 removed and permanently stored is greater than the total quantity of CO2-equivalent (CO2-

eq.)30 emitted to the atmosphere. 

 

It is key to look at the flow of carbon: where the CO2 comes from and where it will be stored. As such, CCS is essential to ensure CO2 
is permanently stored, but it is necessary to look at the source of the carbon to claim that CCS results in CDR. Importantly, captured 
CO2 of fossil origin does not follow Principle 1 (as it is not removed from the atmosphere), thus it constitutes emission reduction 
but not CDR (see Figure 4, the example on the left). Conversely, when biogenic CO2 is captured and stored, it results in CDR (exam-
ple on the right).  
 
Since storage is such an important part of removing CO2 from the atmosphere, CCS is highlighted as a necessary component of CDR. 

The need for large-scale CDR is yet another reason to broadly deploy CO2 transport and storage infrastructure. This would ensure 

that large point sources of both fossil and biogenic CO2 can have access to storage sites, helping to both reduce emissions and remove 

CO2 respectively. 

Figure 4. Examples of emission reduction (left) and CDR (right)  

  

Source: Bellona 

  

                                                                        
30 Global warming potential (GWP) of different greenhouse gases varies, but can be converted and expressed as CO2-equivalent. 
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Current regulatory framework 

This section describes the current EU regulatory framework of relevance for CCS, i.e., specific pieces of EU legislation that regulate 

the elements of the CCS value chain. These regulations complement and operationalise the high-level policy framework described in 

the previous section.  

Directive on the geological storage of CO2 (CCS Directive) 

The 2009 CCS Directive,cxxiii as laid out in Article 1, establishes a legal framework for the environmentally safe geological storage of 

CO2 to contribute to the fight against climate change.  Its purpose is to permanently contain CO2 in such a way as to prevent or 

eliminate negative effects and risks to environmental and human health.  

The Directive outlines a regulatory framework for the selection of storage sites and exploration permits and specifies criteria for 

obtaining storage permits. According to the Directive, the European Commission reviews draft storage permits and provides non-

binding comments. Members states should take into account such opinions or provide reasons if they disagree with the Commission’s 

advice. The Directive imposes operational and closure obligations, as well as post-closure requirements, such as monitoring and 

reporting, and resolving irregularities or leakages immediately. The Directive also provides for a long-term transfer of responsibility 

from the storage site operator to the regulatory authority, when it can be definitively established that the CO2 will be completely and 

permanently contained.  

ACCESS TO CO2 TRANSPORT NETWORKS 
Chapter 5 of the Directive covers third party access to CO2 transport networks and storage sites. Member States are required to 

ensure that third party access is provided to potential users in a 'transparent and non-discriminatory way', in keeping with the 'ob-

jectives of fair and open access'. cxxiv   

EXCLUSION OF CO2 FROM THE WASTE FRAMEWORK DIRECTIVE AND THE GEOGRAPHICAL COVERAGE OF CO2 

STORAGE 
The Directive is noteworthy for focusing primarily on the geological storage of CO2 and amending existing legislation, which has 

implications for the capture and transport parts of the CCS value chain. An example is the amendment to Article 2(1)(a) of Directive 

2006/12/EC on Waste (Waste Framework Directive).cxxv The Waste Framework Directive considers ‘waste’ as ‘a substance or an object 

to discard’.cxxvi Considering that geological storage of CO2 could be considered as discarded, captured CO2 for the purpose of CCS 

would be seen as ‘waste’.cxxvii Said amendment, announced in Article 35 of the CCS Directive, excludes ‘carbon dioxide captured and 

transported for the purposes of geological storage and geologically stored in accordance with Directive 2009/31/EC’ from the scope 

of the Waste Framework Directive.  

Additionally, the CCS Directive amended the Regulation 1013/2006 on shipments of waste and excluded ‘shipment of CO2 for the 

purpose of geological storage in accordance with Directive 2009/31/EC’ from its scope.cxxviii Thus, shipment of CO2 for the purpose of 

storage in EFTA countries (which include Norway) is permitted. Importantly, the CCS Directive does not compromise the right to store 

CO2 outside of the EU for EU member states.cxxix  

THE STATUS OF ENHANCED HYDROCARBON RECOVERY 
Enhanced Hydrogen Recovery (EHR) is a technology based on injecting CO2 into geological formations bearing oil (Enhanced Oil Re-

covery) or natural gas (Enhanced Gas Recovery) to increase their production (explained in more detail in Box 2). EOR and EGR are 

often considered as a form of CCS, as some of the injected CO2 stays underground.  

The CCS Directive provisions apply to EHR only when it is ‘combined with geological storage of CO2’, except for ‘CO2 released from 

surface installations which do not exceed what is necessary in the normal process of extraction of hydrocarbons, and which do not 
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compromise the security of the geological storage or adversely affect the surrounding environment’. This category of CO2 release is 

already regulated in the ETS Directive and requires surrender of allowances for any leaked emissions. 

2015 REVIEW OF THE DIRECTIVE 
In 2015, the Commission concluded a review of the CCS Directive and reported the review findings in the EU climate action progress 

report. This report evaluated the Directive for its effectiveness, efficiency, coherence, relevance and EU added value under the Com-

mission's Regulatory Fitness and Performance (REFIT) programme. The Commission concluded that the CCS Directive was fit for pur-

pose.cxxx 

Box 8. London Protocol 

The London Protocol (1996) is an International Maritime Organisation (IMO) global agreement to effectively prevent pollution at 

sea.cxxxi According to Article 4, the dumping of any wastes or other matter at sea (i.e., all marine waters other than the internal waters 

of States, as well as the seabed and the subsoil thereof) is prohibited with the exception of those listed in  the Annex I of the Proto-

col.cxxxii Dumping includes any storage of wastes or other matter in the seabed and in the subsoil thereof.cxxxiii 

When CCS emerged as an option to mitigate climate change, it appeared that the Protocol could be an obstacle to CO2 geological 

storage, since it includes the sub-seabed in its scope.cxxxiv An Amendment to Annex I of the Protocol in 2006 added CO2 streams from 

the CO2 capture process for storage to the list and specified that such waste streams may only be considered for dumping if (i) the 

disposal is into a sub-seabed geological formation; (ii) the stream consists overwhelmingly of CO2 and (iii) no wastes or other matter 

are added for the purpose of disposing of those wastes.cxxxv The 2006 amendment automatically entered into force on 10 February 

2007 and, as a result, it has become clear that geological storage of CO2 is allowed by the London Protocol under the conditions 

specified above.  

Following the amendment in 2006, the most discussed topic under the London Protocol has been Article 6. It states that ‘Contracting 

Parties shall not allow the export of wastes or other matter to other countries for dumping or incineration at sea’.cxxxvi This Article 

intends to prevent the export of waste from Parties to non-Parties of the London Protocol.cxxxvii An Amendment to Article 6 was 

adopted in 2009 allowing transboundary movement of CO2 for the purpose of geological storage.cxxxviii However, the export amend-

ment to Article 6 needs to be ratified by two-thirds of the Contracting Parties to the London Protocol to enter into force.cxxxix  So far, 

only six of the 53 contracting parties have ratified it (i.e., Norway, UK, Netherlands, Iran, Finland and Estonia). Hence, there is still a 

legal barrier preventing transboundary CO2 export for offshore geological storage. 

A provisional application of the 2009 Amendment to Article 6 is allowed since October 11, 2019, allowing sub-seabed geological 

formations for sequestration projects to be shared across national boundaries.cxl Transboundary export of CO2 for the purpose of CCS 

is now provisionally allowed under the condition that London Protocol parties submit an official declaration of provisional application 

to the Secretary-General of the International Maritime Organization (IMO). The Norwegian and Dutch governments issued declara-

tions of provisional application of the 2009 amendment to the IMO at the 2020 meeting of the Contracting Parties to the London 

Protocol.cxli  
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ETS Directive 

The EU Emission Trading System (EU ETS) is the carbon pricing system set up by the EU to reduce GHG emissions from power gener-

ation, industry and aviation (altogether representing about 40% of EU GHG emissions) operating in the EU, Iceland, Liechtenstein and 

Norway. As from January 2021, the system is in its Phase 4 (2021-2030).cxlii 

ETS AS A CAP-AND-TRADE SYSTEM  
The ETS is an example of a cap-and trade system that limits the emissions from the above-mentioned sectors. Allowances (called 

European Union Allowances or EUA), i.e., permits to emit a tonne of CO2-eq., are either auctioned or are allocated for free to certain 

industries, 31 and can be traded among the system participants. Revenues from auctioning are collected by Member States or are 

directed to dedicated EU funds to finance climate projects. 

The cap decreases each year to meet the reduction target agreed by Member States for the sectors covered by ETS, which results in 

a dwindling amount of EUAs in circulation. The obligation by ETS installation operators to meet the emission limits or otherwise 

purchase additional allowances, creates a demand for EUAs and puts value on them. A ‘carbon price’ is formed, generating ‘ETS costs’ 

for emitters, and incentivising emissions reductions as long as reducing them costs less than buying allowances. 

The EU ETS was established in 2003 by the Directive 2003/87/EC (the ETS Directive). This law has been revised multiple times since, 

including a major overhaul in 2018,cxliii and the next revision is expected in the coming years, following the European Commission’s 

proposal announced as part of the ‘Fit for 55’ legislative package in July 2021. A suite of accompanying ETS legislation in the form of 

delegated and implementing acts specifies the more technical details of the system. The ETS Directive remains the core legislation 

not only defining the key principles of the system, but also suggesting broad technological solutions in the area of emissions abate-

ment.  

INTRODUCTION OF CCS INTO THE ETS DIRECTIVE 
At the same time when the CCS Directive was adopted, CCS was also introduced into the ETS directive,cxliv as a part of its 2009 revision, 

and as part of a broader effort to adapt the EU environmental legislation for CCS. Importantly, CCS is considered in the ETS Directive 

in two distinct roles. On one hand, it is classified as a set of three distinct activities and sources of emissions, and on the other hand, 

when combined with an emitting installation, CCS is seen as an emission reduction technology. This dual approach is explained in the 

following sections.   

CCS AS EMITTING ACTIVITIES 
Annex I of the Directive lists 29 activities associated with electricity, industry and aviation to which the Directive applies. The list 

includes CCS, disaggregated into three separate activities:  

 

1) Capture of GHGs from installations covered by this Directive for the purpose of transport and geological storage in a storage site 

permitted under Directive 2009/31/EC, i.e., the CCS Directive (see section on CCS Directive);  

2) Transport of GHGs by pipelines for the geological storage in a storage site permitted under Directive 2009/31/EC 

3) Geological storage of greenhouse gases in a storage site permitted under Directive 2009/ 31/EC 

 

These CCS activities are potential sources of CO2 emissions, including from CO2 ventilation from the capture unit; potential leakage 

from the storage site (e.g., when performing Enhanced Oil Recovery); or fugitive emissions from the CO2 pipeline. Like power gener-

ation (with some exceptions), these CCS operations do not receive free allowances, according to point 3 of Art 10a that regulates 

free allocation. Thus, their operators need to purchase emission allowances to cover these emissions. 

                                                                        
31 Currently, many industrial sectors receive a significant portion of their allowances for free (i.e. they do not have to purchase them) as to protect 
them from carbon leakage. The quantity of free allowances allocated to individual installations is determined mainly by product benchmarks. These 
benchmarks are, in most cases, based on the 10% most efficient installations in the EU in individual sectors or sub-sectors. Product benchmarks are 
set to incentivise emissions reduction and energy efficiency in a given sector.  
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CCS AS AN EMISSION REDUCTION TECHNOLOGY 
In Art. 10 of the Directive, CCS is recognised as one of the emission reduction technologies that can be applied in particular to ‘solid 

fossil fuel power stations and a range of industrial sectors and subsectors’, which is then confirmed by the reference to CCS in the 

part of the Directive dealing with product benchmarks, where Article 10a, point 1 mentions CCS as one of the emission reduction 

solutions that can help emitting installations reduce their CO2 emissions, provided that ‘such facilities are available’. 

The ETS legislation, in Article 12, point 3a, provides the most concrete incentive to invest in CCS: there is no obligation for the operator 

of an ETS installation equipped with CCS to surrender allowances for ‘emissions verified as captured and transported for permanent 

storage’. This incentive is of course determined by the price of allowances on the EU ETS market compared to the overall cost of CCS 

(the former should be higher than the latter to justify the investment) and can be weakened by the number of free allowances that 

the installation in question receives. As free allocation is gradually reduced, and the carbon price increases, the incentive to invest in 

CCS becomes stronger. 

ETS FUNDING FOR CCS AND CCU 
The Directive considers CCS as eligible for funding, both from the auctioning revenues (Art 10, point 3., subpoint e) and from the 

Innovation Fund (Art 10a, point 8), see section 'Funding instruments and sources' below for more details.  

As far as funding by auctioning revenues is concerned, CCS projects must be ‘environmentally safe’ to apply for those financial re-

sources. Interestingly, the funding from the auctioning revenues extends to CCS projects in third countries.  

The Innovation Fund aims to ‘stimulate the construction and operation of projects that aim at the environmentally safe capture and 

geological storage (CCS) of CO2’. Alongside CCS, CCU is mentioned as eligible for support by the Innovation Fund, as long as it is also 

‘environmentally safe’, ‘contributes substantially to mitigating climate change’ and delivers ‘a net reduction in emissions and ensures 

avoidance or permanent storage of CO2'.  

ETS REVISION IN FIT FOR 55 
There are several changes with regard to CCS and CCU in the revised ETS Directive published as part of the Commission’s ‘Fit for 55’ 

proposal.cxlv  

The Commission proposed that the mention of CCS in Art 10a(3), which specifies that CCS activities are not eligible for free allocation, 

be removed, because the EC Delegated Regulation 2019/331cxlvi from 2018 already specifies the rules governing free allocation to 

industry. This proposed change does not seem to be of great significance as it does not change the way CCS activities are treated in 

the EU ETS.  

Of more importance is the proposal to exempt CO2 emissions that ‘end up permanently chemically bound in a product so that they 

do not enter the atmosphere under normal use’ from the obligation to surrender allowances, which would create an incentive for 

some types of CCU. 

Furthermore, the Commission proposes that the accounting of storage of emissions from biomass be regulated through implement-

ing acts. This change would be relevant for BECCS (see Box 1), although it remains to be seen whether carbon removal certificates 

would be created and traded under the EU ETS.32 

The ETS revision proposal includes Carbon Contracts for Difference as a way to guarantee a fixed price for CO2 abatement above the 

current price levels in the EU ETS, through competitive tendering. While this is not exclusive to CCS projects, it could be used to 

support them, given that CCS has been included in the range of technologies eligible for funding within the Innovation Fund. 

                                                                        
32 This was explicitly excluded as an option by the Commission’s representative here: https://www.youtube.com/watch?v=pGelmnDMHus&t=4332s  
However, a representative of DG CLIMA did not exclude it in this interview: https://www.euractiv.com/section/energy-environment/interview/offi-
cial-eu-taking-first-steps-to-bring-forestry-into-carbon-market/  

https://www.youtube.com/watch?v=pGelmnDMHus&t=4332s
https://www.euractiv.com/section/energy-environment/interview/official-eu-taking-first-steps-to-bring-forestry-into-carbon-market/
https://www.euractiv.com/section/energy-environment/interview/official-eu-taking-first-steps-to-bring-forestry-into-carbon-market/
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Moreover, transport of CO2 will likely be extended to other (non-pipeline) modalities in the list of activities, whereas fuels meant for 

road transport of CO2 will also be covered by the new ETS for transport, if this Commission’s proposal is approved.  

Finally, as a result of the introduction of CBAM, free allowances for some energy-intensive sectors will likely be phased out, which 

will send a much stronger carbon price signal and potentially direct these industries towards CCS. 

It remains to be seen whether and which of these changes are going to be approved in the upcoming EU legislative process. 

Monitoring and Reporting Regulation (MRR) 

The Regulation 2018/2066 on the monitoring and reporting of greenhouse gas emissions (MRR)cxlvii accompanies the ETS Directive 

by establishing the compliance procedures for emitters subject to the EU ETS.  

The regulation provides detailed reporting and monitoring requirements including the scope and quantification methods for CO2 

emissions associated with CCS activities. In line with the ETS Directive, Article 49 of the MRR specifies that CO2 emissions which are 

not emitted by a given installation subject to EU ETS, but are transferred to a CO2 capture, CO2 transport network or CO2 storage site 

as per the CCS Directive, shall be subtracted from the emissions reported under EU ETS. 

MRR is also relevant for CCU as it extended the exemption from ETS to CO2 that is ‘transferred’ to installations producing precipitated 

calcium carbonate, a product considered to be a form of CCU. 

Environmental Impact Assessment (EIA) Directive 

The Environmental Impact Assessment (EIA) Directivecxlviii has been in force since 1985, and its last revision took place in 2014. It lays 

out the procedures for the environmental impact assessment of various industrial and infrastructural activities. Said activities are 

listed in two Annexes. Annex I lists projects which are required by EU law to conduct an EIA, whereas for projects listed in Annex II, 

the EIA obligation is at the discretion of Member States.cxlix  

Notably, CO2 capture and transport installations are included in both Annexes. As far as CO2 capture is concerned, the EIA obligation 

is required for capture from industrial installations listed in Annex I, or those with the capture of 1.5 Mtpa CO2 or more. Annex II also 

includes CO2 capture, but is limited to installations not covered by Annex I, and leaves it to Member States to assess the EIA require-

ments of such installations.  

CO2 transport pipelines for the purposes of geological storage, with a diameter of more than 800 mm and a length of more than 40 

km, together with associated booster stations, are covered by Annex I, whereas Annex II covers CO2 pipelines other than those spec-

ified in Annex II. 

CO2 storage sites pursuant to the CCS Directive are mentioned only in Annex I, which means that they are required by EU law to 

conduct an EIA.  

Industrial Emissions Directive (IED) 

Building on (and replacing some of) the pre-existing legislation, the Industrial Emissions Directive (IED) entered into force in 2011 as 

the Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial emissions (integrated 

pollution prevention and control).cl Its objective is to prevent or reduce industrial emissions from a wide range of energy and indus-

trial sectors, mainly through the application of Best Available Techniques (BATs), energy efficiency and waste management. cli 

This Directive is relevant for CCS because it introduces a requirement for any new power plant built in the EU after 2009 to be ‘CCS-

ready’. Specifically, Article 36 of the IED, titled Geological storage of carbon dioxide, sets CCS-related conditions for combustion plants 
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with electrical output of 300 MW or higher and licensed to be constructed after 2009 (the year when the CCS Directive entered into 

force). According to this law, the operators of such plants need to make sure that ‘(a) suitable storage sites are available, (b) transport 

facilities are technically and economically feasible, (c) it is technically and economically feasible to retrofit for carbon dioxide capture.’ 

If these conditions are met, the competent authorities in Members States where such power plants are built are required to ‘ensure 

that suitable space on the installation site for the equipment necessary to capture and compress carbon dioxide is set aside’. Notably, 

the ‘CCS-readiness’ requirements laid out by the Directive have not led to any deployment of CCS projects in the EU power sector.  

Environmental Liability Directive 

The Environmental Liability Directive (full name: Directive 2004/35/CE of the European Parliament and of the Council of 21 April 2004 

on environmental liability with regard to the prevention and remedying of environmental damageclii) applies the ‘polluter pays’ prin-

ciple to environmental damage associated with a wide range of industrial activities listed in Annex III of the Directive.cliii  

It covers, among others, environmental damage resulting from the operation of CO2 storage sites as specified in the CCS Directive. 

Importantly, the climate damage caused by CO2 leakages from the CO2 storage sites is not dealt with by this law, but rather by the 

ETS Directive, which considers CCS as an emission activity subject to the obligation of surrendering emission allowances for CO2 

emissions from the activities associated with CO2 storage (see the ETS Directive section above). 

Water Framework Directive 

The Water Framework Directive (full name: Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 

establishing a framework for Community action in the field of water policycliv) is the cornerstone of European water policy, which 

aims to improve the quality of the following types of surface and ground waters: rivers, lakes, marine, drinking, bathing, agricultural 

and urban waste waters, not least by protecting it from pollutants.clv 

Article 11 of the Directive prohibits direct discharges of pollutants into groundwater, with very limited exceptions. One of these 

exceptions concerns injecting CO2 ‘into geological formations which for natural reasons are permanently unsuitable for other pur-

poses’, as long as it is done in accordance with the CCS Directive. 

Waste Framework Directive 

The Waste Framework Directive (full name: Directive 2008/98/EC of the European Parliament and of the Council of 19 November 

2008 on waste and repealing certain Directivesclvi) sets the legal basis for waste management and establishes the ‘waste hierarchy’ 

for managing and disposing of waste.clvii 

Whilst this Directive no longer regulates any of the CCS activities, it required a change to clarify the status of CO2 as ‘waste’. This 

change was announced in the CCS Directive (Article 35), and subsequently the Waste Framework Directive has been amended to 

exclude from its scope ‘gaseous effluents emitted into the atmosphere’, thus also excluding CO2.   

Regulation on shipments of waste 

The Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 June 2006 on shipments of wasteclviii aims to 

protect the environment and reduce the risk to human health from the transport of waste.clix 

Importantly for CCS, shipments of CO2 for geological storage covered by the CCS Directive have been excluded from the scope of this 

Regulation, following Article 36 of the CCS Directive. 
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TEN-E Regulation 

The Trans-European Networks for Energy (TEN-E) Regulationclx has the objective to modernise, decarbonise and interconnect the EU 

cross-border energy infrastructure in order to help the EU achieve its 2050 climate neutrality objective. By identifying Projects of 

Common Interest (PCIs) that can access funding from the Connecting Europe Facility (CEF) and in general benefit from accelerated 

permit and authorisation procedures etc., the TEN-E makes an important contribution on the path to net-zero by 2050. The TEN-E 

Regulation is currently under revision. While the TEN-E Regulation currently only includes CO2 transport via pipelines as eligible for 

PCI status, the ongoing revision process includes proposals to extend the scope to also include CO2 storage and multiple transport 

modalities. What will emerge in the final proposal of the regulation is, however, still uncertain.  

 

Box 9. Blue Hydrogen 

In recent years, hydrogen has been proposed as one of the key climate change mitigation solutions. Amongst its applications is the 

use of hydrogen as a storable and transportable energy carrier, a transport fuel, a power generation fuel and as feedstock in industrial 

processes. The different ways to make hydrogen are often dubbed using colours.  Grey hydrogen represents the unabated process 

of making hydrogen from fossil fuels; green hydrogen refers to hydrogen produced by water electrolysis powered by renewable 

electricity, and blue hydrogen is essentially grey hydrogen, but equipped with CCS. The hydrogen ‘colour spectrum’ is more extensive, 

including, among others, such technologies as methane pyrolysis (turquoise hydrogen) or nuclear energy (pink hydrogen).clxi  

Currently, 95% of the global hydrogen production is based on fossil fuels and is used mainly in the production of ammonia (the 

building block of nitrogen fertilizers) and in petroleum refining. Conventionally, hydrogen is produced through steam methane re-

forming (SMR), a well-established, mature technology, where methane, the main component of natural gas, is used as the main 

feedstock in the process. Hydrogen produced through these processes without any CO2 emission abatement is commonly referred 

to as ‘grey hydrogen’.  

During the SMR process, high pressure steam (H2O) reacts with methane (CH4) and produces hydrogen (H2) and CO2. In the conven-

tional hydrogen-making process the CO2 is always separated from the hydrogen and is often vented. However, sometimes it is cap-

tured using amine absorption and used in well-established commercial CCU applications, including the production of urea (a popular 

fertilizer), or in the food and drink sector.   

However, an estimated 71%-92% of CO2 from this process can also be captured and transported to geological storage sites either on- 

or offshore, thereby lowering the emissions from the hydrogen production.clxiiclxiii 

Another type of methane reforming suitable for hydrogen production is auto-thermal reforming of natural gas (ATR). ATR can achieve 

better separation and capture of CO2 and reach the upper limits of the carbon capture range (approx. 94-95%).clxiv 

Hydrogen produced via methane reforming, where the process CO2 is captured and stored in geological formations, is usually referred 

to as blue hydrogen.  

As an example of ‘blue hydrogen’, a project developed by Equinor in the Saltend chemical industry cluster will produce hydrogen 

using ATR and will abate its emissions through CCS. The hydrogen will then be used as an additional fuel in a gas-fired power sta-

tion.clxv   

Manufacturing hydrogen with CO2 abated via CCS is envisaged in the EU Hydrogen Strategy as a way to scale up hydrogen output 

during the transitional phase, i.e., before there is enough renewable electricity available for the large-scale production of hydrogen 

through electrolysis of water (also known as green hydrogen). 
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Funding instruments and sources 

It is the cumulative effects of market failures related both to negative and positive externalities that have created the currently 

observed barriers for large-scale deployment of a European CCS network. As it is unlikely that a market left to its own devices will 

facilitate the timely development of necessary CCS projects and infrastructure to reach the required emission reduction in line with 

the Paris Agreement, public action is required.                                                                                                                                                          
 

Since the launch of the European Green Deal in 2019, CCS’ vital role on the path to net-zero by 2050 has been made clear not only in 

the IPCC’s scenarios, but also in the EU legislative context. While ongoing efforts are still seeking to identify additional arenas and 

functions of support mechanisms, the EU already has a list of targeted funding and support mechanisms to aid the necessary large-

scale development of a European CCS network. These mechanisms are described below and followed by a summary in Table 3. 

Additionally, increased funding resulting from the EU Recovery plans (Next Generation EU in particular, under the doubled budget 

for the InvestEU’s ‘Sustainable Infrastructure Window’) could also include investments into CCS.clxvi The scope of this currently re-

mains unknown. Examples of both EU and non-EU government support programmes, including state funding aimed at deploying CCS, 

are provided in Box 10 (the Netherlands), Box 11 (the UK), Box 3 (the Norwegian project Longship) and Box 12 (the US). 

Horizon Europe: EU funding mechanism for research & innovation 

Horizon Europe is the ninth European framework programme for research and innovation, taking over from its predecessor Horizon 

2020. Funding research and innovation through what is known as Work Programmes, it is cluster 5 ‘Climate, energy and mobility’ 

under Pillar II ‘Global challenges and European Industrial Competitiveness’ that is especially relevant for CCS and CCU, aiming at 

integration of CCS and CCU in industrial facilities, hubs and clusters; cost reduction of the capture technologies; knowledge sharing; 

safe CO2 storage; hydrogen production from natural gas with CCS and CCU; negative emissions through BECCS; and conversion of 

captured CO2 to useful products.33 Though launched only in February 2021, several calls have been opened that are relevant for 

research and innovation connected to CCS.34  

Innovation Fund: EU funding mechanism for project demonstration 

As one of the world’s largest funding programmes for the demonstration of innovative low-carbon technologies, including CCS and 

CCU, the Innovation Fund will provide around €20 billion in support spanning 2020-2030 (with the final sum being highly dependent 

on the carbon price). In comparison to the Horizon Europe and Horizon 2020 work programmes focused on research and innovation, 

the Innovation fund focuses on demonstration projects of a commercial nature and infrastructure. It is financed by any unspent funds 

from the NER300 programme (the predecessor to the Innovation Fund) and resulting revenues of auctioning 450 million allowances 

under the EU ETS in the same time period. In response to the first call for projects, 311 applications were received by the European 

Commission, of which 14 were for Carbon Capture, Use and Storage.  

State Aid: Facilitate Member State spending to support CCS Infrastructure  

Though the Treaty on the Functioning of the European Union generally prohibit public aid that distort or threatens to distort compe-

tition, known as state aid, exemptions are made in certain cases. Notably when the state aid in question contributes to environmental 

protection under certain conditions and criteria (as examples of state aid support for CCS projects in EU countries, see Boxes 10 and 

11 on the Netherlands, the UK).  

                                                                        
33 These objectives have been communicated in a public event (25th February 2021) by a representative of DG Research and Innovation of the Euro-
pean Commission. The recording of the event is available here: https://www.youtube.com/watch?v=lvnFLLD7iPU&t=664s  
34 For a full overview of projects already supported under the category ‘Carbon Capture & Storage, Power Plats’ under Horizon 2020, see the European 
Commission’s overview https://ec.europa.eu/inea/en/horizon-2020/h2020-energy/projects-by-field/875  

https://www.youtube.com/watch?v=lvnFLLD7iPU&t=664s
https://ec.europa.eu/inea/en/horizon-2020/h2020-energy/projects-by-field/875
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2021 saw the proposed move from state aid guidelines on Energy and Environmental State Aid Guidelines (EEAG) to the revised 

guidelines on Climate, Energy and Environmental Aid Guidelines (CEEAG). The proposed revised version continues to place im-

portance on and includes support for CCS under category 4.1 ‘Aid for the reduction and removal of greenhouse gas emissions includ-

ing through support for renewable energy’. State Aid is an important tool to alleviate and overcome barriers for large-scale deploy-

ment resulting from current market failures.  

 

Box 10. The Netherlands 

The 2015 ‘Urgenda case’ ruled that reducing emissions was necessary for the Dutch government to protect its citizens’ human rights. 

The government was thereby forced to correct its climate policy. Targets for 2030 were subsequently set at 49% reduction (relative 

to 1990) with pathways by the Dutch environmental agency (PBL) identifying the required emission reductions per sector. For the 

industry, it meant the elimination of an annual 14 million tonnes of CO2 by 2030, a target that has recently been increased by 5 Mt 

to align it with the new 55% GHG reduction target set by the EU for 2030. 

Based on the 2019 Climate Agreement, the Dutch government implemented two complementary measures to create the framework 

that both incentivises and enables industry to reach its reduction targets: 

- a feed-in contractual subsidy mechanism under the SDE ++ scheme rewards the most cost-efficient CO2 reductions in industry. This 

covers the uncommercial part of investing and operating CCS on industrial plants; and  

- a carbon tax, increasing gradually over the next decade and reaching at least €125/tonne(t)CO2 by 2030. 

 

The SDE framework is pursuing a lowest-cost and market-based approach by holding auctions in which projects bid for a subsidy 

contract. Free allowances under the EU ETS are retained by all emitters covered by the ETS. The SDE++ will run in its current form 

until 2025 with a total budget of €30 billion. CCS support was limited to a maximum of 7.2 MtCO2/year (but is likely to be revised 

following the recent increase of the overall industry target) to help prevent it from displacing the implementation of other cost-

effective tools or hindering the development of long-term sustainable solutions. clxvii  

In May 2021, the Dutch government awarded € 2.1 billion in SDE++ subsidy to Air Liquide, Air Products, ExxonMobil and Shell to 

capture their CO2, which will subsequently be transported and stored in the North Sea depleted gas field, starting in 2024, as part of 

the Porthos project.clxviii 

The carbon tax acts effectively as a floor price under the EU ETS, by topping up the EUA price when it is below the level of the tax.  

Industrial sites have shielding from the effects of the tax through dispensation rights, which exempt emitters from paying the tax.  

The share of emissions covered by these rights falls over time. 
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Box 11. The UK 

In 2019, the UK became the first major economy to set a legally binding 2050 net-zero target. In its report on the UK’s 6th Carbon 

Budget, which applies through the mid-2030s, the Committee on Climate Change (CCC) stated that: ‘CCS is required to deal with 

process emissions in industry and enables at-scale active removal of CO2 from the air […], a necessary feature of most pathways that 

reach global Net Zero CO2 emissions’).clxix The report further identified an opportunity for the UK to lead ‘the development of CCS 

and low-carbon hydrogen technologies given the UK’s access to geological carbon storage, expertise base, and offshore wind re-

source’ (p.341). 

The UK government has committed to capturing 10 million tonnes CO2 a year by 2030,clxx of which at least 3 Mt CO2 a year are to 

come from industrial sources.clxxi Based on the 6th Carbon Budget, it is expected that this target will increase to 9 Mt CO2 by 2035.  

Development of CCS is focussed around industrial clusters (see Figure 5) including primarily refineries, chemicals producers and steel 

plants.  The UK government intends to directly invest £1 billion up to 2025 to facilitate CCS deployment in at least four industrial 

clusters by 2030, with additional subsidy under contractual payments. The Department of Business, Energy and Industrial Strategy is 

due to finalise its revenue mechanism to enable private sector investments in 2022.  

Current plans foresee a Contract for Difference (CfD) for up to 15 years that provide payment per tonne of captured CO2 to cover 

operational expenses, transport and storage fees, capital costs and a return on investment in carbon capture equipment. The contract 

payment is based on the difference between the strike price, negotiated bilaterally, and a reference price. Free allowances for indus-

trial emitters under the emission trading system set up by the UK (UK ETS) are forfeited in proportion to capture volumes, but emitters 

are to receive compensation for this. A grant co-funding a portion of the capital costs of initial projects is intended to mitigate against 

risks associated with first-of-a-kind (FOAK) projects. The government is currently evaluating the design and powers of a dedicated 

economic regulator for the delivery and operation of a CO2 transport and storage infrastructure. 

Figure 5. The UK's largest clusters by industrial emissions only  

 

Source: The Global CCS Instituteclxxii 
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Just Transition Mechanism: availability dependent on national transition plans and priorities 

The notion of ‘A Just Transition for All’ as a way to mitigate the economic and social challenges of the industrial transition of coal and 

carbon-intensive regions is at the very heart of the European Green Deal, and as part of the Just Transition Mechanism, CCS can in 

fact receive financial support under this scheme as long as substantial emission reductions are achieved. The Just Transition Mecha-

nism consists of the Just Transition Fund, providing primarily grants, the InvestEU dedicated Just Transition Scheme, attracting private 

investment, and the public sector loan facility with the EIB leveraging public financing. To what extent CCS projects benefit from the 

scheme will depend on region and priorities laid out by the Member States.clxxiii  

Connecting Europe Facility – Energy: funding and reduction of investor risk of ‘Projects of Common 

Interest’ 

The Connecting Europe Facility (CEF) funds transnational infrastructure projects, including CO2 infrastructure projects under the TEN-

E Regulation (Trans-European Networks for Energy). In addition to funding, the TEN-E Regulation provides certain projects with the 

status of ‘Project of Common Interest’ (PCI) - constituting not only an important market signal reducing perceived investor risk, but 

also providing benefits such as reduced time for permit granting procedure, assistance with public acceptance consultations etc.clxxiv  

Whilst currently only CO2 transport via pipelines is eligible for funding and the desired PCI status, an ongoing revision of the TEN-E 

Regulation has so far proposed to also include CO2 storage. While CO2 transport via other modalities are currently excluded from the 

scope of the TEN-E Regulation, funding from CEF and PCI status, they may be included in the upcoming revision of the TEN-T Regula-

tion (Trans-European Networks for Transport).   

Sustainable Finance Taxonomy: attract private capital for project deployment and market devel-

opment 

The aforementioned direct public funding and support mechanisms are vital to kick-start the development of a European CCS net-

work. At the same time, it is vital that we shift private capital toward sustainable economic activities contributing to net-zero by 

2050. Reducing investor risk and perceived uncertainty is an important step in the right direction – encouraging long-term market 

development and the investment of private capital. The European Commission has to this end developed a classification tool for 

sustainable economic activities: The Sustainable Finance Taxonomy. By including CCS as a sustainable technology under the Sustain-

able Finance Taxonomy, the EU has sent an important market signal of the set role to be played by CCS in achieving the aims of the 

Paris Agreement. This reduces perceived market uncertainty and in itself reducing barriers for investment in this technology and 

associated projects. Also contributing to this development is the EIB lending Policy, which states that the bank will only support 

power generation which fits with sustainability criteria for emissions (currently set at 250 g CO2-eq. per kWhe).clxxv This is similar to 

the Sustainable Finance Taxonomy’s 'Do No Significant Harm’ (DNSH) criteria (currently proposed to be set at 270 g CO2-eq. per 

kWhe), and incentivises CCS development. The EIB lending policy will also be supporting CCS under its sections on innovation in the 

energy sector.  
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Table 3. Summary of CCS funding mechanisms and sources 

 

Source: Bellona  
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Box 12. The USA 

The USA has the world’s largest CO2 pipeline network, with over 8000 km of pipes. At present, the network is used to transport CO2, 

both captured and naturally occurring, primarily for use in Enhanced Oil Recovery (See Box 2).  

Support for CCS on a national level is limited to the 2018 45Q tax credit, which runs for 12 years from the beginning of operations for 

any project that commences construction before 2024. Through the scheme, emitters can gain a tax break of $50/tonne of CO2 

stored, or $35/tonne for CO2 used, including EOR. The more expansive due-diligence process for CO2 storage however means some 

projects may not be able to commence construction prior to the currently set-deadline (see Figure 6). Policy adjustments to expand 

the window for 45Q projects, as well as dedicated support for the delivery and operation of transport and storage infrastructure, are 

currently under discussion. 

Figure 6. CCS Project Timelines under 45Q 

 

Source: Clean Air Task Forceclxxvi 
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Conclusions 
This section will present the conclusions that can be drawn based on the current state of technologies and the policy framework 

established around CCS.  

CCS as a set of technologies and a value chain 

The process of capturing, transporting and storing CO2 appears to be fairly straightforward, but no single company can perform all 

these tasks. The CCS value chain requires high-skilled labour, extensive capital and sufficient energy to ensure adequate pressure and 

temperature for CO2 to be captured, moved and stored.  In addition to capture facilities installed by emitters, and transport and 

storage operators, this value chain also includes research centres, companies making solvents that help capture CO2, steel-makers 

producing pressure-resistant pipelines, engineers designing CO2 tankers, and geologists who assess the suitability of a storage site, 

to name just a few.  

CCS projects can already build on a range of currently available technologies. Existing and developing transport modes can serve both 

onshore and offshore projects, and can be integrated to form a multi-modal infrastructure. Declining oil and gas production opens 

up more storage potential in depleted hydrocarbon fields, in addition to previously unexplored geological formations that are suitable 

for CO2 storage. It is also interesting that CO2 capture is already inherent to some manufacturing processes. Installations where CO2 

capture is currently practised can in theory be connected with the transport and storage infrastructure, and the overall CCS costs for 

them should be lower compared to the emitters which still need to invest in the capture technology.  

Newfound purposes for CCS  

Originally considered as an emission abatement solution for power generation, CCS has found its new role in a net-zero world as an 

enabler of industrial decarbonisation, low-carbon hydrogen production and carbon dioxide removals (CDR). 

Climate neutrality requires elimination of GHG emissions beyond power generation. Thus, industry can no longer escape climate 

action. Crucially, for some industrial sectors, such as cement or waste incineration, CCS offers the only viable option to tackle una-

voidable CO2 emissions. In some cases, CCS may prove to be more effective also for hydrogen production and sectors like steel or 

ammonia, which could theoretically use other decarbonisation options, such as direct electrification or by replacing their feedstock 

with green hydrogen produced through electrolysis powered by renewable electricity. Conceivably, sufficient volumes of clean power 

may not even be in place in certain regions within the timeframe required by the present climate crisis, particularly in Central and 

Eastern Europe, where electricity systems are heavily reliant on fossil fuels. In these places, CCS might be key for Just Transition, and 

the only chance to decarbonise the local industrial base, instead of shutting it down or displacing it.  

CCS can abate biogenic CO2 emissions from energy production based on sustainable biomass, including biogenic waste. Atmospheric 

CO2 can also be captured through Direct Air Capture units. Capturing and storing biogenic or atmospheric CO2 effectively removes it 

from the atmosphere, and by doing so leads to negative emissions. However, it needs to be said that negative emissions will be 

difficult and expensive, and not a substitute for rapid action in cutting emissions.  Removing CO2 from the atmosphere is certainly 

not an easy fix, and if anything our reliance on it should be a sign of how far the climate crisis has gone.   

From individual point-to-point CCS project to CCS clusters 

There has been a shift in the conceptual design of CCS from individual point-to-point projects to industrial clusters linking multiple 

emitters via CO2 transport and storage. The latter have the advantage over the former, as the costs and risks can be spread among 

the companies forming a CCS cluster, making it viable also for smaller emitters. Industrial clusters can develop into cross-border CO2 

networks, opening the storage potential in one country to emitters from other countries.  
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CCS deployment must be accelerated and scaled up 

Fortunately, there is a growing number of trail-blazing CCS projects.  The viability of CCS as an emission reduction solution, coupled 

with stronger carbon pricing signals and the prospect of increasing exposure to EU ETS costs, has attracted industrial players from 

various sectors. Projects such as Porthos or Longship have secured support from national governments and the EU, which recognised 

the role CCS can play in meeting the emission reduction targets.  

However, CO2 transport and storage infrastructure must expand for CCS to become a meaningful climate change mitigation tool. CCS 

projects require significant investments and a regulatory support combined with public acceptance. Long-term planning and coordi-

nation among multiple stakeholders at a local, national and cross-border level are needed. The involvement of local communities 

and dissemination of knowledge about the benefits of CCS is key to secure public acceptance for CCS projects. Needless to say, 

continuous efforts by industry and regulators are required to ensure safe handling of CO2, even more so with the necessary scale-up 

of CCS. The need for sufficient lead time of setting up CCS projects must be factored into national and EU decarbonisation strategies, 

and CCS to help avoid the worst climate change scenarios, it must be deployed during this decade, and so preparations need to be 

made now.  

While existing technologies can help in deploying CCS, there is still room for further research and innovation across the whole CCS 

technologies spectrum, not least to reduce the costs associated with the energy needed for the processes of CO2 capture, transport 

and storage. Innovation in terms of regulatory framework and business models supporting CCS deployment is also needed.  

Emissions reduction through CCU needs to be assessed on an individual basis 

There is no doubt that CO2 is a valuable, sometimes even indispensable part of many industrial activities. To a certain extent, it can 

also support emission reduction in the system when captured CO2 is used in other products instead of being emitted. However, this 

needs to be assessed on a case-by-case basis through a life cycle assessment, not least because CCU processes require a lot of energy 

and thus result in indirect emissions, or use renewable energy that could be used more efficiently elsewhere. Finally, CCU can only 

be considered as a genuine climate solution if it stores CO2 in a manner that is intended as permanent. 

Policy and regulatory framework 

Undoubtedly, the EU has laid the foundation for CCS development through its policy and regulatory framework. The carbon price 

signal is finally reaching the levels that can induce industrial transition towards low-carbon production. CCS is recognised as a decar-

bonisation technology in EU strategic climate policy documents, whilst a range of regulations and directives established the basic 

requirements and procedures for CCS, including environmental, health and safety aspects. Moreover, there are multiple instruments 

and sources of funding both at the national and EU level that can potentially be used to finance CCS projects. The upcoming changes 

following the EU's Fit-for-55 package may bring more clarity and potentially further support CCS deployment. However, member 

states need to ensure that CCS-relevant EU legislation is fully implemented, and that CCS has a firm place in national climate strategies 

and can count on adequate government support. 
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