

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Siste søk
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                No results found
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

          
            
              
                
              
            

            
              
                Dokument
              

              
                
                  
                      
                  
                
              

              
                

              

              
                No results found
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        Norsk
                  

                        
  

                Last opp
                        
          
            
            
              
                Hjem
                
                  
                
              
              
                Skoler
                
                  
                
              
              
                Emne
                
                  
                
              
            

          

        


        
          Logg inn
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Slett
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	No results found


      
        
          
        
      
    

  







  
      
  
    
    	
                                    
              Hjem
            
            




	
                          
                
              
                        
              Annet
            
            


      
                  The role of Carbon Capture and Storage in a Carbon Neutral Europe
      

      
        
          
            
              
                
              
            
            
            
              
                Share "The role of Carbon Capture and Storage in a Carbon Neutral Europe"

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Studieår: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Nedlasting
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Share "The role of Carbon Capture and Storage in a Carbon Neutral Europe"

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                147
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            147
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Laster....
        (Se fulltekst nå)
      

      
        
      

      
      

    

  




  
      

                    Vis mer (   sider )
        
  


  
      

                    Last ned nå ( 147 sider )
      



      
            
  
    Fulltekst

    
      (1)
The role of Carbon Capture and 



Storage in a Carbon Neutral Europe 



Assessment of the Norwegian Full-Scale Carbon Capture 

and Storage Project’s Benefits 



(2)This report was prepared by Carbon Limits AS and THEMA Consulting Group. 


Project title: 


The role of Carbon Capture and Storage in a Carbon Neutral Europe 


Client:  The Norwegian Ministry of Petroleum and Energy 
 Project leader:  Peter Føllesdal Brown 


Project members:  Adrian Mekki  
 Berit Tennbakk 
 Gaelle Cauchois 
 Manon Simon 


David Konstantin Attlmayr 
 Eivind Magnus 


Torleif Haugland 


Subcontracted companies:  THEMA Consulting Group 


Report title:  Assessment of the Norwegian Full-Scale CCS project’s benefits 


Finalized:  3 July 2020 


  


Øvre Vollgate 9 
 NO-0158 Oslo 
 Norway 
 carbonlimits.no 


Registration/VAT no.: NO 988 457 930 


Carbon Limits works with public authorities, private companies, 
 finance institutions and non-governmental organizations to 
 reduce emissions of greenhouse gases from a range of sectors. 


Our team supports clients in the identification, development and 
financing of projects that mitigate climate change and generate 
economic value, in addition to providing advice in the design and 
implementation of climate and energy policies and regulations. 



(3)
Table of Contents 


List of abbreviations ... 4


Executive summary ... 6


The potential role of CCS in six key sectors and hydrogen production ... 7


Targets and policies initiated at the EU level ... 8


Policies and plans at the national level of nine countries ... 10


The current status of relevant CCS projects ... 11


Assessment of benefits of the Norwegian full-scale CCS project ... 12


1. Introduction ... 14


2. The role of CCS in emission mitigation ... 16


 Metal production ... 20


 Mineral production ... 25


 Chemicals/Petrochemicals ... 30


 Refining ... 35


 Waste-to-Energy ... 38


 Power generation ... 40


 Hydrogen ... 50


 Summary of findings for the different sectors ... 57


3. EU policies ... 61


 Increased long-term climate ambitions ... 62


 Policy mix towards 2030 ... 69


 EU funding available for CCS development ... 77


4. Plans and Policies in Selected Countries ... 84


 Overview ... 84


 Belgium ... 86


 Denmark ... 89


 Finland ... 91


 France ... 93


 Germany ... 97


 Ireland ... 103


 Netherlands ... 106


 Sweden ... 109


 United Kingdom ... 112


 Summary of findings for the selected countries ... 118


5. Short- and long-term deployment of CCS in EU 28 ... 121


6. Assessment of benefits from the Norwegian full-scale CCS project ... 129


 Introduction ... 129



(4) Demonstration and facilitation value ... 129


 Productivity benefits ... 132


 Value of CO2 emissions stored ... 134


 Industrial development benefits ... 135


Table of figures ... 138


Table of tables... 140


7. Appendix ... 141


 Summary of scenarios from the EU’s long-term strategy ... 141


 Taxonomy on sustainable finance ... 142


 Calculation of productivity benefit of cost reductions ... 143



(5)
List of abbreviations 


ATR  Auto-Thermal Reforming 
 Bcm  Billion cubic meters 


BECCS   Bioenergy with Carbon Capture and Storage 
 BNEF    Bloomberg New Energy Finance 


CBAM    Carbon Border Adjustment Mechanism 
 CCS  Carbon Capture and Storage 


CCU  Carbon Capture and Utilisation 


CCUS    Carbon Capture Utilisation and Storage 
 CEF  Connecting Europe Facility 


CEWEP  Confederation of European Waste-to-Energy Plants 


COD  Ordinary Legislative Procedure (ex- CoDecision Procedure) 


CO2 Carbon dioxide 


CO2e    Carbon dioxide equivalent 
 DACCS   Direct Air Capture CCS 


DKK  Danish Crown 


DNSH    Do No Significant Harm  
 EEA  European Economic Area 
 EED  Energy Efficiency Directive 
 EFTA  European Free Trade Association 
 EGD  European Green Deal 


EJ  Exajoule (1018 joules)   


E-PRTR  European Pollutant Release and Transfer Register 
 ERA  European Research Area 


ESR  Effort Sharing Regulation 
 ETS  Emissions Trading Scheme 


EU  European Union 


EUA  EU (Emissions) Allowances 


EUR  Euro 


GBP  British pound 


GCCSI    Global CCS Institute 
GDP  Gross Domestic Product 



(6)GHG  Greenhouse gases 
 Gt  Gigatonnes (109 tonnes) 


GW  Gigawatt 


H2 Hydrogen 


IIA  Inception Impact Assessment 


IPCC    Intergovernmental Panel on Climate Change 
 JRC  Joint Research Centre 


JTM  Just Transition Mechanism 


kt  Kilotonnes 


kt/y  Kilotonnes per year 
 LCOE    Levelized Cost of Energy 
 LPG  Liquified petroleum gas 


LTS  Long-Term Strategy 


LULUCF  Land-Use, Land-Use Change and Forestry 


Mt  Million tonnes 


Mt/y  Million tonnes per year 


MW  Megawatt 


MWh  Megawatt-hour 


NCD  Norwegian Carbon Capture and storage Demonstration project 
 NECP    National Energy and Climate Plan 


PCI  Projects of Common Interest 
 PEM  Proton-exchange membrane 
 RED  Renewable Energy Directive 
 RES  Renewable Energy Sources 


SEK  Swedish crown 


SMR  Steam Methane Reforming 


t  Tonnes 


TEN-E    Trans-European Energy Networks 


TWh  Terawatt-hour 


UK  United Kingdom 


USD  United State Dollar 


WBSCD  World Business Counselling for Sustainable Development 
WTO  World Trade Organisation 



(7)
Executive summary 


The Norwegian full-scale carbon capture and storage (CCS) project is planned to demonstrate a 
 novel CCS value chain with carbon capture at one or two Norwegian industrial facilities, transport of 
 CO2 by ship and offshore pipeline, and long-term CO2 storage in a saline aquifer offshore. The main 
 societal goal of the project is to demonstrate carbon capture and storage, thereby providing the 
 necessary development of the technology such that the long-term climate goals of Norway and the EU 
 can be achieved at the lowest possible cost. While the costs and the direct emission reduction impacts 
 of the project are well defined, benefits beyond the project boundaries and over time are difficult to 
 quantify. The project might spur deployment of other projects and hence help drive down CCS costs 
 and can also incite policy and regulatory changes with the aim to promote CCS as an alternative in 
 climate change mitigation. The emerging rise in the ambition level of European climate policy 


(encompassing countries of the European Union and the European Economic Area) makes it likely that 
 the benefit of the Norwegian full-scale CCS project will increase, both directly for the project itself, but 
 also in terms of other benefits which indirectly can be ascribed to the project. This report explores the 
 possible nature and scale of such benefits.  


Specific policies and measures consistent with announced new and stricter emission reduction targets 
 are yet to be defined. Consequently, it is difficult to predict the impacts on CCS deployment and 
 additional benefits to be created by the Norwegian full-scale CCS project. The new and more 
 ambitious climate policy is at an early formative stage and the emphasis of this analysis has been to 
 explore how it might further unfold both at the EU level, at the national level and with companies and 
 planned projects. The purpose of the report is to assess possible impacts for CCS deployment and 
 demonstration effects from the Norwegian full-scale CCS project, but also how the Norwegian project 
 might influence policy making in this formative phase. 


The analysis has been conducted by focusing on four main themes and with emphasis on geography 
 and sectors of importance for the Norwegian full-scale CCS project:  


1)  The potential role of CCS in six key sectors and in hydrogen production (chapter 2) with 
 emphasis on exploring the competitive position of CCS versus other alternatives. The 


technical ranges of CCS deployment in a carbon neutral Europe are estimated.  


2)  Targets and policies initiated at the EU level (chapter 3) focusing primarily on the European 
 Green Deal (EGD) targets, policies and instruments being of particular importance for CCS or 
 alternative abatement measures.  


3)  Policies and plans at the national level of nine countries with emphasis on relevance for 
 CCS and hydrogen production or use (chapter 4).  


4)  A review of CCS projects currently planned and being considered relevant for this analysis 
 (chapter 5).   


The analysis and conclusions from these parts form the basis for the assessment of benefits from the 
 Norwegian full-scale CCS project as a result of increased ambitions in European climate policies. As 
 with other analysis of societal cost benefit assessments made for the Norwegian full-scale CCS 
 project, four broad categories of benefits are considered: demonstration value, value of stored 
 emissions, productivity gains, and impacts on Norwegian industrial development.  


The key conclusions from the analysis are summarized below.  



(8)The potential role of CCS in six key sectors and hydrogen production 


CCS is the principal solution for achieving deep cuts in emissions from cement and waste-to-energy. 


Other sectors have abatement alternatives which makes the scope for CCS more uncertain and 
 sensitive to the direction of technology improvements and costs, as well as EU and national policies.  


If each sector were to aspire for carbon neutrality, the role of CCS would be determined by the level of 
 CO2 emissions and abatement costs of CCS relative to other options. Two sectors have limited 
 opportunities for emission reduction other than through CCS: cement and waste-to-energy. About two 
 thirds of emissions in cement production are process emissions from heating of limestone where 
 carbon capture is the principal abatement option. Use of waste or biomass as an alternative to fossil 
 fuels can allow for some emission reductions. Emissions from incineration of wastes are unavoidable 
 and CCS is the only applicable abatement technology once the waste streams have been generated. 


Compared to certain other industries, CCS is relatively easy to implement in both sectors. 


Furthermore, both cement production and waste-to-energy can provide significant shares of biogenic 
 CO2, allowing for negative emissions when CCS is applied.


We have estimated that applying carbon neutrality for cement production and waste-to-energy 
 generation would require capture and storage in the range of 90–170 million tonnes (Mt) of CO2 per 
 year. The high estimate is based on an assumptions of stable cement production and current volumes 
 of waste incinerated in waste-to-energy facilities. While the incinerated waste volumes are expected to 
 increase, it seems reasonable to assume a stable volume of fossil-based waste for incineration given 
 targets to increase recycling. The low estimate is based on only process emissions from cement 
 production and reduced incineration of fossil waste.   


For other manufacturing industries the ranges are much larger, with a minimum level much below 
 cement and waste-to-energy, but also with a high potential scope depending on the competitive 
 position and political preference for CCS versus other alternatives, see Table 1. 


Table 1 - CO2 emissions, range of potential for capture and abatement costs for key sectors
 Sector  Emissions MtCO2 


(2017) 


Capture by 2050 (MtCO2) 
 Carbon neutral Europe (*) 


Abatement costs – current 
 estimates (EUR/tCO2) (**) 
 Manufacturing industries  


Iron and Steel   115  11-71 (***)  70-95 


Chemical/petrochemical   102  30-39 (***)  39-113 


Refineries   130  10-30 (***)  40-359 


Cement   122  57-105  60-120 


Energy generation  


Waste-to-energy   68  36-60  150-200 


Power   1007  0-218  70-105 


(*) The low and high estimates reflect the use of CCS versus alternative abatement option. Further, data from different sources 
 with different assumptions have been used, also creating variations in estimates.  


(**) All estimates include capture, transport and storage. Estimates vary because of differences in methodologies and underlying 
 data and because different emission sources within each sector have different abatement costs.  


(***) Not all emissions are technically capturable   


In the iron and steel sector, where there are multiple stages in production, about 50% of total 
emissions could be reduced by applying CCS on the blast furnace stage. However, to achieve deep 
emission reductions, the steelmaking process would have to be completely changed, either in a direct 
smelting process, where CCS could be applied, or in a direct reduction process where hydrogen is 
used as a reduction agent. Currently it is unclear which of these routes would have the lower 
abatement costs, as the costs are highly dependent on the prices of hydrogen and electricity. If 
hydrogen is produced with electricity, high electricity prices will favour smelt reduction using CCS, 
while low electricity prices favour hydrogen direct reduction. 



(9)Chemical and petrochemical production covers a wide range of processes and emission sources with 
 different opportunities for CCS. Ammonia production requires hydrogen typically from natural gas, 
 which can be captured relatively easily (blue hydrogen). Hydrogen can also be produced through water 
 electrolysis (green hydrogen) but the production of green hydrogen currently has a significantly higher 
 abatement cost than blue hydrogen. For petrochemicals and especially plastics production, a number 
 of mitigation options exist. The CCS option appears to have lower costs than other alternatives for 
 deep emission reductions, such as chemical recycling and bio-based feedstocks.  


Refineries have a diverse set of CO2 emission sources of which for some, carbon capture is not 
 feasible. The most relevant source for CCS is hydrogen production used in the refining process, where 
 the CO2 purity is high. As with hydrogen in ammonia production, the alternative is green hydrogen 
 produced with electrolysis.


Power sector emissions have traditionally been considered the most important facilities for CCS, but 
 this option has lost much of its attraction due to the steep decline in the cost of renewable energy 
 production. The scope for carbon capture in power generation may however change towards 2050 if 
 and when carbon neutrality is not possible to achieve in certain sectors and countries. Then there 
 might be a call for solutions which can offer large-scale negative emissions. Bioenergy with CCS 
 (BECCS) in the power sector is one such option. A number of analyses focusing on future European 
 carbon neutrality include scenarios with a large role for BECCS. This is reflected in the range for 
 carbon capture scope presented in Table 1 above.  


Hydrogen is of direct relevance for the scope of CCS in two ways: i) if produced from renewable power 
 (“green hydrogen”) it is an alternative to CCS in certain industry processes, or ii) if produced from 
 natural gas (“blue hydrogen”) CCS is a solution to achieve deep cuts in emissions from hydrogen 
 production. Considering only the cost of production, blue hydrogen is found to be the cheapest option 
 for large-scale production today. However, the relative competitiveness of blue and green hydrogen in 
 the longer term depends heavily on scale, cost of electricity and gas, and whether consumption is 
 centralised or distributed.   


The competitive position of green versus blue hydrogen and the scale of hydrogen production over 
 time will to a significant extent be determined by political framework conditions to be determined at the 
 EU and national level (see discussion below).    


Targets and policies initiated at the EU level 


While being ambitious in terms of emission reduction targets, the implications of the European Green 
 Deal for CCS will remain highly uncertain until priorities and new policies are decided. Tightening of 
 the ETS market will stimulate CCS, particularly if it is accompanied with measures to address “carbon 
 leakage”. Current financial support schemes appear insufficient for substantial CCS deployment unless 
 complemented by policy measures specifically targeted at CCS.  


The European Green Deal (EGD) and its supporting legal requirements and policy instruments are 
 likely to call for increased deployment of CCS. It is clear that net-zero GHG emissions in 2050 implies 
 that the cost of emissions will make CCS more financially attractive in certain applications, but its role 
 relative to other mitigation options will depend on framework conditions created by policies and 
 regulations at the EU and national levels that are yet to be decided. Work is ongoing to clarify impacts 
 of the EGD targets and to spell out strategies for priority areas. An industrial strategy has been 
 published and a hydrogen strategy is expected shortly (July 2020). These strategies and other 
 measures such as the Carbon Border Adjustment Mechanism will impact CCS, but much is still 
 unclear and uncertain. 


Most analyses published on the role of CCS in a carbon neutral or strongly decarbonised Europe 
predate EGD, and scenarios diverge greatly. No new scenarios illustrating pathways to achieve a net-



(10)zero target for 2050 have yet been presented by the EU as part of the EGD. Net-zero scenarios 
 developed by the EU in 2018 indicate CCS application in manufacturing industries in the range of 70–


80 MtCO2/yin 2050. One of the scenarios shows large additional amounts of CO2 capture from the 
 power sector by 2050 (around 220 MtCO2/y), mainly driven by the need for CCS on biogenic CO2


emissions due to “failure” of certain sectors and countries to achieve carbon neutrality. These 
 scenarios should be interpreted with caution, as they mainly serve to explore the impact of various 
 decarbonisation options and do not represent concrete policy measures nor targets for different 
 abatement alternatives.  


The European Commission only expected to propose the 2030 reduction target in 2021. The target will 
 be set between 50% and 55% below the 1990 level. Both will require a strengthening of policies and 
 regulations to be imposed at the EU level, and proposals to this effect are expected to accompany the 
 proposed target increase. The proposals must thereafter be discussed and approved by the 


Parliament and Member States.  


Little is currently known about the policy mix to reach the 2030 target, including the future role of the 
 emission trading system (ETS) versus other instruments. Assuming that emission reductions in the 
 ETS increase proportionally to its current share, some analyses indicate an increase in the price of EU 
 allowances (EUAs) in 2030 from 29 EUR/EUA with the current 40% reduction target to 52 EUR/EUA 
 with 50% reduction and 76 EUR/EUA with 55% reduction. Simultaneously with the discussions on the 
 target increase, discussions on several other factors that can influence the EUA price development are 
 taking place. This includes the expansion of the ETS to new sectors and support for decarbonisation 
 efforts in ETS sectors.  


The estimates of EUA price increases in response to stricter emission targets indicate a potentially 
 significant impact on the financial viability of CCS projects (and other abatement options) already in 
 2030. As a result, tightening of the ETS market can reduce the need, per CCS project, for other 
 support schemes and as such open up for support for more projects. 


The extent to which the EU can rely on high EUA prices to drive decarbonisation of industrial sectors 
 may also rely on simultaneous efforts to establish effective measures to prevent European industry 
 from losing market shares due to costly climate policies, a phenomenon known as ‘carbon leakage’. 


The Commission’s proposal for a Carbon Border Adjustment Mechanism (CBAM), which is expected in 
 2021, is a central initiative to address this issue. The CBAM could ensure that the costs of climate 
 policies can be passed on from the industry to final consumers in Europe. However, significant design 
 challenges must be overcome to ensure that the mechanism effectively prevents carbon leakage, and 
 it is therefore still uncertain when and in which form a CBAM will be proposed.   


The two most important financial support schemes for CCS at the EU level are the Innovation Fund 
 and the Connecting Europe Facility (CEF). Each of these schemes can provide support for projects in 
 different areas, including CCS. The Innovation Fund, funded from auctioning of EUAs, is currently 
 estimated to accumulate EUR 10 billion for the period 2020–2030 (assuming an EUA price at the 
 current level, 22 EUR). With an increase in the EUA price in response to a tighter 2030 target, the 
 resources available from the Innovation Fund could increase significantly. The focus areas for funding 
 from the Innovation Fund are CCS and CCU, innovative renewable energy, low-carbon technologies in 
 energy-intensive industry, and energy storage. Support to cross-border energy infrastructure projects 
 through CEF are expected to amount to about 1.1 billion EUR per year for the period 2021 to 2027. 


Some CO2 infrastructure projects can be supported through CEF, including Northern Lights, but funds 
 from this and other support schemes, including national sources, are considerably below the 


requirements to realize the currently planned projects (further discussed below), let alone financing of 
 large scale up of projects.  


Some detail on EU strategies to realize the EGD targets have recently been published. “A New 
Industrial Strategy Europe” came in March 2020. The strategy addresses the need for industrial 



(11)transformation in light of the ambition of a climate neutral Europe but does not contain much in terms 
 of concrete policy proposals. However, it points to several upcoming sector-specific strategies and 
 initiatives that could be important for CCS deployment in European industry. In line with statements in 
 the EGD, the strategy stresses the need to create new markets for climate neutral and circular 
 products but fails to suggest any regulatory measures in support of this. 


The hydrogen strategy, due for publication in July 2020, will probably offer more concrete policy 
 instruments with direct relevance for CCS. From earlier, leaked drafts it appears that hydrogen will be 
 considered a priority in EGD and that green hydrogen is to be pursued as the preferred long-term 
 solution, and with blue hydrogen playing and important role in a “transitional phase”. In the leaked 
 draft, retrofitting of existing hydrogen production facilities based on fossil fuel with CCS is mentioned 
 as part of the strategy towards 2030. Furthermore, the draft suggests a support scheme in the form of 
 a carbon contracts for difference (CCfD) to cover the difference between the EUA price and the price 
 level needed to realise hydrogen projects. A pilot version of such a scheme is suggested to incentivize 
 emissions from existing hydrogen production in the industries. The proposal for a CCfD scheme, if 
 retained in the final version of the hydrogen strategy, could become the most tangible and important 
 measure to date in support of CCS deployment. 


Policies and plans at the national level of nine countries 


A review of national policies of nine countries show that CCS is a part of most national plans for 
 achieving net-zero emissions, with recently increased interest from some countries. Several countries 
 lack storage opportunities and would require storage in another country. Few countries have national 
 support schemes in place.  


Policies and plans formulated and implemented in EU member states are key for the short- and 
 medium-term direction of CCS with relevance for the Norwegian full-scale CCS project. In this 
 analysis, the policies and plans of nine countries have been reviewed: Belgium, Denmark, Finland, 
 France, Germany, Ireland, the Netherlands, Sweden, and the United Kingdom. The countries differ in 
 the structure of emissions, abatement strategies and conditions for geological CO2 storage.  


The United Kingdom emphasises CCS as a key decarbonisation strategy and sets targets for CCS 
 deployment in 2030 and 2050. National financing instruments are in place and the storage potential for 
 CO2 has been mapped. The Netherlands also prioritizes CCS, national financing instruments are in 
 place and an additional CO2 tax is proposed. The Netherlands has significant storage capacity in 
 depleted gas fields, but timelines and legislation could make storing in the Netherlands uncertain. 


Sweden’s ambition is to achieve net-zero emissions in 2045 and sees CCS as a measure which could 
 contribute. With high shares of biogenic CO2 emissions from Swedish energy and industry sectors, the 
 focus is on bioenergy with CCS and Norwegian storage is attractive. An official report has suggested a 
 national support scheme for bioenergy with CCS, but a decision is pending. France has targets for 
 CCS in 2050, though no national support schemes are currently in place or planned. France has the 
 opportunity for onshore storage, but some industrial actors are planning for storage in Norway in the 
 shorter term. Denmark has relatively small emissions from the most relevant industrial sectors but has 
 recently planned significant funds for CCS in the years toward 2030. Denmark also has a large storage 
 potential. Belgium appears to be favourable towards CCS but has no national support mechanisms in 
 place and little storage potential. Some developments appear to be driven from the projects rather than 
 by policies. Ireland recognizes the necessity of CCS to reach its targets and has identified available 
 storage capacity in depleted gas fields in the late 2020s. 


Finland and Germany are notable exceptions when it comes to interest for CCS. Finland has not 
mentioned CCS in its national energy and climate plan. Finland plans on phasing out fossil fuels and 
relying on natural carbon sinks to achieve net-zero emissions. Finland does, however, have some 
potential for CCS, especially if biogenic CO2 emissions are included. Of the investigated countries, 



(12)Germany stands out with large industrial emissions but little stated interest in CCS. Storage 


possibilities in Germany are limited due to a ban on onshore storage. There is however some interest 
 from industry, and a large potential for capture. 


The country-level analysis indicates that interest for CCS has increased recently. Several countries 
 have taken steps forward in their plans and instruments for CCS, particularly in industry. The few 
 countries who focus on CCS from power generation focus on biogenic CCS. Only a few countries have 
 national support mechanisms in place for CCS, and projects in most countries are therefore heavily 
 reliant on EU funding to move forward.


The current status of relevant CCS projects 


The CO2 volume of CCS projects currently under planning amounts in total to between 20 and 60 
 MtCO2 before 2030. The CO2 volumes from the planned capture projects is larger than the planned 
 capacities for storage. Many projects and large volumes of CO2 have Northern Lights as targets for 
 storage. However, the current level of carbon pricing (ETS and taxation) and financial support 
 schemes falls way short of being adequate to secure investment decisions for all these projects. The 
 scale and timing of project implementation is therefore highly sensitive to EU and national policies and 
 measures in support of CCS deployment. 


To assess the near future developments of CCS, we have collected information on planned and 
 possible projects in Northern Europe (not including Norway). A total of 41 potential CCS projects have 
 been reviewed, of which 11 are planning transport and storage at Northern Lights while 8 projects plan 
 to develop their own storage. It is interesting to note, however, that several of the latter have indicated 
 that they might require the use of Northern Lights solution as a back-up for the start of operation and in 
 case the storage preliminary identified turns out to be not as promising as expected. Finally, we have 
 identified an additional 22 less mature, but possible projects which prospectively could store captured 
 CO2 volumes at Northern Lights.


From the project plans and timelines, Northern Lights storage appears to be in high demand. In 
 interviews, the facilitating effect of Northern Lights was emphasised by nearly all of the capture 
 projects. If all of the projects which aim to store at Northern Lights are realised as planned, the initial 
 Northern Lights capacity of 1.5 MtCO2/y would be filled up from start of operations in 2024, while the 
 capacity of 5 MtCO2/y, planned for the next phase, would be filled up from 2026. 


However, all the identified projects are likely to require public funding in lack of a sufficient price of 
 emissions. The availability of public funding represents an important uncertainty related to both scale 
 and timing of the projects. While some of the projects could receive substantial funding through 
 national schemes, most of the projects depend on financing from EU mechanisms such as the 
 Innovation Fund and CEF. At the time of writing, the first call of the Innovation Fund is not yet 


published, let alone is the first round of support granted. It is impossible to assess the share of funding 
 that would be granted to CCS projects, as it depends the competition against other relevant technology 
 projects. A rough estimate, based on a number of assumptions, is that CCS projects with capacity of 
 between 1 and 3 MtCO2 could be supported on an annual basis from the Innovation Fund and CEF 
 combined. Assuming project commissioning 4 years after an investment decision is made, between 7 
 and 21 MtCO2 CCS projects could be supported by EU funding mechanisms in 2030.  


To investigate the likelihood of EU funding for projects planning to use Northern Lights compared to 
 the likelihood of other projects, we have assessed the sectors, countries, stage of development, 


“Project of Common Interest” participant and distance to coast. According to these uncertain 


calculations, EU-funding could support projects with capture volumes equivalent to the rest of phase I 
capacity quickly, and phase II capacity before 2030. Since EU funding covers only up to 60% of the 



(13)eligible costs of those projects, this does not necessarily mean that the projects will be realised. The 
 remaining costs would have to be covered by other public financing incentives or private investment. It 
 follows from this that developments in EU and national policies, particularly in the short and medium 
 term and in relation to the 2030 target, are of crucial importance for the scale and timing of project 
 implementation of the reviewed projects. 


Assessment of benefits of the Norwegian full-scale CCS project 


More ambitious emission reduction targets call for new and more forceful policy measures and have 
 incited planning of many CCS projects. The Norwegian full-scale CCS project is an early mover and as 
 such is in a unique position to impact on the timing and scale of projects being implemented elsewhere 
 and to demonstrate the viability of CCS in a way which can influence policy making. This in turn can 
 provide increased scale of CCS deployment and offer additional learning and cost reductions. The 
 prospects for related Norwegian industrial development are also improved by more ambitious climate 
 targets and policies.  


The benefit assessment is made with reference to the following categories: 


1.  Demonstration values which can spur investment decisions and policy decisions in support of 
 CCS deployment 


2.  Productivity gains brought about by technology improvement and cost reductions following 
 from scale in CCS deployment. This effect is closely linked to and depends on effective 
 demonstration.  


3.  Value of stored emissions which is closely related to the “willingness to pay” for emission 
 reductions created by climate polices and regulations  


4.  Effects for Norwegian industrial development 


The Norwegian full-scale CCS project can impact CCS deployment both directly, by inciting other 
 investment decisions, and indirectly, through influencing the design and implementation of policies and 
 regulations conducive to CCS deployment. This effect stems primarily from the demonstration value 
 referred to above. The demonstration value has different components: i) it can improve the 


acceptability and support for CCS as a safe, feasible and attractive abatement option ii) it can offer 
 learning with respect to regulatory and commercial frameworks in support of CCS.  


As detailed in this study, European climate polices is at a formative stage, with new and more 


ambitious targets firmly established, but with many still undecided policies and regulations with impacts 
 on CCS deployment. Further, it has been documented that many CCS projects are under planning, but 
 final investment decisions are yet to be made. In light of these developments, it is our assessment that 
 the potential demonstration value of the Norwegian full-scale CCS project is significant. Specifically, 
 the Northern Lights project offers a secure and viable solution to storage which very soon can 
 demonstrate results with implications for further investment decisions and policy making throughout 
 Europe.  


Productivity gains follow from the scale of future CCS deployment. It is likely that the scale will 
 increase in response to EGD and other policy initiatives, and by the actions of an increasingly active 
 industry. Within the next 30 years, over 700 large facilities in the EU will have to undertake massive 
 investments in new technologies and processes to achieve the goal of a net-zero 2050. As we have 
 seen in chapter 2, CCS is a key solution in certain sectors and holds a significant potential as part of 
 low-carbon hydrogen production. The Norwegian full-scale CCS project can, through the 


demonstration value, impact how early this process starts, and through productivity gains, impact the 
total cost of transition to carbon neutrality by 2050.  



(14)The potential benefits in relation to Norwegian industrial development range across the entire CCS 
 value chain and the full-scale project is likely to increase the competitiveness of the industrial actors 
 involved. Increased ambitions of the EU and member states increase the likelihood and level of CCS 
 deployment and, hence, the market potential. Increased deployment also enhances the future value of 
 Norwegian storage resources. The value of these resources is likely related to increased 


competitiveness from being an early mover and the reduced cost of storage from scaling effects. Other 
 beneficial effects on industrial development could be related to the value of Norwegian natural gas 
 resources. The heightened ambitions of the EU are likely to reduce demand for natural gas without 
 CCS. Natural gas could have an increased role if used for blue hydrogen production. However, the 
 potential for blue hydrogen production is highly dependent on future policies and therefore uncertain. 


The full-scale project could contribute indirectly to increased blue hydrogen production by being an 
early mover, by providing CO2 transport and storage opportunities.  



(15)
1. Introduction 


A number of studies and evaluations have been conducted in preparation for a political decision on 
 support for full-scale carbon capture and storage (CCS) demonstration projects in Norway. The 
 Norwegian Government has stated that the basis for an investment decision will be presented to the 
 parliament (Stortinget) in the fall of 2020. The parliament is expected to address the issue this fall as 
 part of the resolution of the State Budget for 2021. The information and analysis of the report 


presented here is in preparation for that process. 


The report explores how policies in Europe related to the challenges of climate change might impact 
 on the benefits of the full-scale CCS project. The Norwegian project consists of three distinct parts: 


carbon capture at a waste incineration plant1 and a cement production plant2, and a transport and 
 offshore storage project3. The three parts are related but are undertaken by three separate industrial 
 entities and are as such subject to their own planning processes and decisions, albeit jointly 


dependent on Norwegian governmental support.  


The analysis presented in this report has consisted of five specific tasks. The results and information 
 gathered under each of the tasks and conclusions drawn are presented in five consecutive chapters of 
 the report (chapter 2 to 6).  


Figure 1 – Overview of the project 


Chapter 2 explores the potential role of CCS in six sectors: Metals, Minerals, Chemicals and 


Petrochemicals, Refineries, Waste-to-Energy and Power Generation. In addition, hydrogen production 
 is covered with emphasis on «blue hydrogen” produced from natural gas with a CCS solution. The 
 possible scale of CCS within each segment are estimated and the location of relevant CO2 sources are 
 mapped. The abatement options at hand and their costs and competitive position are assessed, which 
 in turn form the basis for evaluation their respective responsiveness to policies and regulations.  


Chapter 3 reviews the role of EU energy, industry and climate policies and their potential impacts on 
 CCS deployment. Obviously, the new ambitious targets for emission reductions of European Green 
 Deal can be decisive for CCS, but major uncertainties remain over the relative importance of different 
 policy instruments imposed at the EU level. Moreover, the trajectory for emissions, and specifically the 


1 https://www.fortum.com/reducing-co2-emissions-carbon-capture  


2 https://www.norcem.no/en/CCS 


3 https://northernlightsccs.com/en/about 
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(16)reduction target for 2030, is uncertain and may be particularly important for the benefits of the 


Norwegian full-scale project. The chapter includes a review of the most relevant policy instruments and 
 a discussion of their potential role and an overview of pathways which have been presented for CCS 
 deployment based on different scenario assumptions.  


Chapter 4 includes a review and analysis of carbon capture potentials and related plans and policies 
 for CCS and hydrogen production in selected countries. Nine countries of interest for the Norwegian 
 full-scale project have been chosen for this analysis. For each country, an assessment of their 
 potential contribution to the full-scale project benefits has been made based on criteria such as: i) 
 governmental position on CCS ii) capture potential iii) CCS deployment timeline iv) interest for storage 
 in Norway.  


Chapter 5 focuses on relevant projects which are at a planning stage. A summary of potential CO2 


from the projects, their location and need to storage capacity are presented with further details for 
 individual projects being presented in an annex to the report. This chapter also includes some tentative 
 results from an analysis of financial support requirements for the reviewed projects based on stipulated 
 abatement costs and the carbon pricing incentives which might result from the ETS and energy/CO2 


taxation.  


Chapter 6 assesses to what extent the increased ambition levels affect the benefits of the full-scale 
project and explore some of the main benefits, under four broad categories: the demonstration effect, 
the value of CO2 stored, productivity benefits and industrial development. 



(17)
2. The role of CCS in emission mitigation 


In 2017, greenhouse gas emissions from EU 28 countries totalled 4.3 GtCO2e. Land use, land use 
 change and forestry contributed to negative emissions of about 261 MtCO2e, leaving net EU emissions 
 at about 4 GtCO2e. With the European Green Deal, a target of net-zero emissions in 2050 has been 
 set. A wide range of climate mitigation measures in all sectors will be necessary to achieve this target.  


Box 1 - CCS and CCU 


While a large share of emissions come from dispersed small sources (e.g. residential heating, 
 transport) which are not currently considered relevant for carbon capture and storage, a significant 
 share of emissions come from large point sources (industry, power and heat), where it can be applied 
 (50.8% of the overall EU 28 emissions). For the smaller point sources where hydrogen could play a 
 role (transport, building emissions), CCS can be applied indirectly for producing blue hydrogen 
 (hydrogen from steam methane reforming with CCS). Hydrogen usage can also be relevant for 
 emission reductions from a range of industrial large point sources, as it is detailed in the next 
 paragraphs. 


CCS and CCU 


Carbon Capture and Storage (CCS) is a technology that allows to reduce emissions from large CO2 sources. It 
 consists of 3 elements:  


•  capture at a facility of CO2 from flue and process gas,  


•  transport to a storage site via pipeline or ship (for smaller volumes, barges, trucks and trains can be 
 envisaged), and  


•  injection of the CO2 in an underground geological formation (deep saline aquifers or depleted oil / gas 
 fields). 


The cost of CO2 capture depends on the volume of gases to treat, its pressure and the CO2 concentration. Some 
 processes therefore have higher capture costs than others. While high purity CO2 streams are less costly to 
 capture, some streams with low volume, low pressure and/or low concentrations could lead to very high capture 
 costs. Storage location is also key in the cost assessment as it will drive the cost of the transport and storage 
 part of the chain.  


In addition, CCS chains can benefit from economies of scale and concepts with single source capture to single 
 CO2 storage could be less cost effective than a clustered approach. 


Carbon Capture and Utilization (CCU)  


Captured CO2 can also be used. For usage purposes, it can either be used directly (for enhanced oil recovery, 
in  the  food  and  beverage  industry  and  as  a  refrigerant)  or  converted  to  other  products  through  chemical, 
biological  or  physical  processes.  Carbon  Capture  and  Utilization  may  play  a  role  in  decarbonizing  industry 
depending  on  the  CCU  process,  on  the  availability  of  low  carbon  energy  and  on  the  reference  process 
emissions. Emissions reductions achieved through CCU should be studied on a case-by-case basis.Long-term 
storage of CO2 in e.g. building materials could be a relevant solution in the long run.  



(18)Figure 1 - EU 28 GHG emissions in 2017, by sector 


Source: Eurostat 


In different scenarios of what a net-zero European future could look like, the importance and role of 
 CCS varies widely. Technically, CCS could play a very large role. However, depending on sector and 
 process, a range of other options are also available. These other mitigation options have abatement 
 costs which are both higher and lower than CCS. Different combination of future technology 


developments, policies and economics can lead to very different pathways. This chapter investigates 
 the mitigation options for the sectors that are most relevant for CCS, assessing the competitiveness of 
 relevant abatement options in each sector, including CCS.   


In the sector assessment, we start with the end users of energy, i.e. the metals, minerals and 


chemicals industries. These are traditionally considered hard-to-abate sectors. Emissions are a result 
 of both energy usage and processes.  


Some abatement options involve using fossil-free energy carriers such as electricity, hydrogen, 
 biomass. Increased use of these energy carriers require increases in production or transformation 
 earlier in the energy flows. To avoid migration of emissions to the transformation stage, these 


increases must also be mitigated, e.g. using renewables for electricity production or CCS on hydrogen 
 production. The transformation sectors, electricity and heat production, waste-to-energy, refining, and 
 future hydrogen production also have a range of mitigation options for reduced emissions, including 
 CCS. Bioenergy can be used both in energy production and as a feedstock in industrial processes. 


CCS associated with bioenergy is one of the few technologies that can lead to negative emissions. 


Furthermore, reduced emissions through increased circularity is a potentially important abatement 
 option. Recycling of minerals, chemicals, and metals could significantly reduce emissions from 


production. Circularity also has an effect earlier in the energy flows - recycling of metals decreases the 
 need for energy, while recycling of plastics reduces the need for refining and for waste incineration. 


The potential of circularity must therefore be assessed in combination with other abatement measures. 


In this chapter, the abatement options in the sectors identified, their relative abatement costs, and their 
potential effect on demand for increased electricity or hydrogen production are summarized. This lays 



(19)the ground for further analysis in the following chapters, which assess the development of CCS as a 
 result of EU and member state policies and project plans. 


Box 2 - Abatement costs 
 Abatement costs  


In this report, the abatement costs presented have been compiled from other studies. The assumptions behind 
these  numbers  are  not  detailed  in  the  reports  (short-/long-term  cost,  technology  development  assumptions, 
economic assumptions etc.). This makes the comparison of abatement options and costs in the different sectors 
challenging and results in large range of uncertainties for the role of CCS in each sector. Some studies, such 
as Industrial Transformation 2050, Pathways to net-zero emissions from EU heavy industry, published in 2019 
by Material Economics, have presented abatement costs for multiple measures which are comparable within 
and between sectors. When available, these are given more weight in this report to illustrate the relative costs 
of different abatement measures. 



(20)Box 3 - Capturable volumes 
 Capturable volumes 


The term “capturable CO2 emissions” is used in this report to describe the amount of emissions which could be 
 captured  from  a  technical-economic  perspective.  Some  emission  shares  are  not  economically  feasible  to 
 capture  on  an  industrial  site.  Capturable  emissions  represents  the  abatement  potential  factor  of  CCS 
 (applicability times reduction efficiency).  


For each emission source i, the abatement potential is estimated based on the following equation:  


𝐴𝑏𝑎𝑡𝑒𝑚𝑒𝑛𝑡 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙𝑖= 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑖∗ 𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦𝑖∗ 𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑖


where  


The applicability of the technology (in %) represents the share of the total emissions from an emission source to which the 
 abatement technology can be applied.  


Reduction  efficiency  (in  %)  represents  the  percentage  of  technically  achievable  emissions  reduction  for  an  abatement 
 technology, after it has been implemented. 


In industrial facilities CO2 can be emitted through one or several stacks, depending on the process. Capture is 
 not considered feasible on some stacks, since they either do not emit enough CO2 or they have low CO2 partial 
 pressures  (CO2  concentration  times pressure  of the  flue  gas).  Clustering emissions could  be  possible, but it 
 might still be technically difficult or not economic to capture from all sources. Both factors (flowrate and partial 
 pressure) will impact the capture unit cost: lower factors give higher unit cost. Generic sector-specific factors 
 are used to account for this aspect to have a rough idea of what could be captured for each sector.  


Sector  Capturable volume 


Range of values given by the 
 experts / found in publications 


Capturable volume 


Value considered in the 
 assessment 


Comments from experts 


Power plant (Coal, biomass, oil, gas 
 fired)  


90%  90%    


Steel plant  30% (just on Blast furnace –       
 Top Gas Recycling will reduce 
 further the emissions by 50% - 
 80%) (3 sources) 


60%  2 experts mentioned 60% and 


1 40% 


30%  (just  on  Blast  furnace – 
 Top Gas Recycling will reduce 
 further the emissions by 50%) 
 - 80% (3 sources) 


Cement  70-90%  90%  The low value is to account for 


the  fact  that  it  might  not  be 
 applied everywhere 


Refinery / Petrochemical  50%-70%   45%  70% at high costs 


Chemical  50%-80%  50%  Very  different  from  one 


industry  to  the  other  – 
 potential high purity sources  


Ammonia  50-90%  50%    


Waste-to-Energy  90%  90%    


References: Experts interviewed from IFP EN / SINTEF ER / DNV GL / VTT / Chalmers 


CSLF,  Carbon  Capture,  Utilisation  and  Storage  (CCUS)  and  Energy  Intensive  Industries  (EIIs)  -  From  Energy/Emission 
Intensive Industries to Net-zero Emission Industries, draft report – July 2019 



(21) Metal production 


Metal production is an important industrial sector in the European Union. The metal manufacturing 
 industry can be split into two distinct sub-sectors: the production of ferrous metals and of non-ferrous 
 metals. Ferrous metals mainly refer to iron and steel production while non-ferrous metals include 
 mainly aluminium, copper and zinc. The products from these two subsectors provide essential raw 
 material for a wide variety of other strategic sectors such as automotive, aerospace, construction, 
 electronics, medical devices, etc.4


In 2017, 168,000 kt of steel were produced in the European Union, with Germany and Italy as the 
 largest contributors (43,000 kt and 24,000 kt, respectively).5 As far as the other types of metal 


production are concerned, 4,200 kt of aluminium were produced in the EU and the EFTA in 20166 and 
 copper production that same year in the EU was of 2,600 kt7. 


2.1.1  Sector emissions and plans 


The metal production segment represents about 182 MtCO2e8 of GHG emissions in 2017 of which 
 132 MtCO2 from large stationary sources (above 100 ktCO2/y). 


Figure 2: CO2 emissions from the metal industry in 2017 – Large stationary sources (>100 ktCO2/y) 


Source: Data: E-PRTR / Carbon Limits Analysis


4 European commission, Metal industries, https://ec.europa.eu/growth/sectors/raw-materials/industries/metals_en  


5 Eurofer, Crude steel production – all quantities, 


http://www.eurofer.org/Facts%26Figures/Crude%20Steel%20Production/All%20Qualities.fhtml  


6 European Aluminium, Current primary production, https://european-aluminium.eu/data/economic-data/current-
 primary-production/  


7 European copper institute, The structure of Europe’s copper industry, https://copperalliance.eu/about-
 us/europes-copper-industry/  


8 Eurostat, CO2 emissions per sector 



(22)Iron and steel production represent the vast majority of emissions from the EU metal industry. 


Emissions from aluminium, the second largest subsegment, is about 5% of the industry’s emissions. 


Copper, ferroalloys, lead, and zinc production all have smaller shares.  


The European iron and steel industry is significant, both in number of production facilities and 
 emissions. Throughout Europe, 67 basic iron and steel facilities emitted 115 MtCO2 in 20179. Even if 
 challenged by international competition, the industry expects production to grow and level off at around 
 190 Mt in the 2040s.10


There are 22 aluminium production facilities in the EU, emitting about 8.8 MtCO2/y. Aluminium is 
 primarily produced through alumina electrolysis, which has associated carbon emissions from carbon 
 in the anodes. Due to low CO2-concentrations, it is relatively costly to apply CCS on emissions from 
 aluminium production. Some research has explored the possibility of achieving higher CO2


concentration through redesign of production processes, but this research is still at early stage. In 
 addition, the industry is developing other carbon free production routes.11 Due to this, and the relatively 
 low emission levels in the EU, we do not investigate aluminium further.  


There are only 4 copper plants with large emissions in the EU, together emitting about 1.5 MtCO2/y. 


Copper production involves smelting and electrolytic refining to convert concentrates, imported 


intermediate materials and end-of-life scrap into copper metal. Due to a limited number of facilities and 
 low levels of emissions, we do not investigate copper production further.  


The locations of metal production plants in Europe and their CO2 emissions are shown on Figure 3. 


Among the metal producers, iron and steel facilities are emitting the most per facility (1.9 MtCO2/y on 
 average). A high concentration of these facilities are around the North Sea.  


9 Eurofer, Low carbon Roadmap – Pathways to a CO2-neutral European steel industry, 2019 


10 Material Economics, Industrial Transformation 2050 – Pathways to net-zero emissions from EU heavy industry, 
 2019 


11 See for example https://www.elysis.com/en 



(23)Figure 3: Location of metal production plants in Europe and CO2 emissions in 2017 for plants emitting more than 
 100 ktCO2/y 


Source: Data: E-PRTR / Carbon Limits Analysis


Basic iron and steel is produced mostly through the Blast Furnace – Basic Oxygen Steel process but 
 electric arc furnaces are also used (24% of the production) and Direct Reduction Iron as well (5% of 
 the production). The Blast Furnace – Basic Oxygen Furnace process requires a series of units: blast 
 furnace stoves, coke oven stacks, flares and minor users, hot strip mill stacks, lime kiln stacks, and 
 sinter plant stacks. Emissions are associated with each of these processes, with European emissions 
 at about 1.9 tCO2 per tonne of virgin steel. A high share of scrap iron and steel is recycled and 
 reprocessed in electric arc furnaces. 


In 2019 EUROFER, the iron and steel industry association, presented a roadmap toward a low carbon 
 European iron and steel industry. The roadmap has different potential scenarios considering economic 
 feasibility, technical developments and regulations. With current policies, the industry has estimated 
 that only 15% of emissions could be reduced in an economic way by 2050. Deep emission reductions 
 of up to 95% would require deployment of new technologies, including CCS and hydrogen.12 The 
 investment requirements were estimated to be approximately EUR 52 billion.12


12 Eurofer, Low carbon Roadmap – Pathways to a CO2-neutral European steel industry, 2019 



(24)2.1.2  Available abatement measures 


Both carbon capture and hydrogen are possible abatement measures in the sector. To provide deep 
 emission reductions with either CCS or hydrogen, significant changes to the production methods must 
 be applied.13 The abatement cost estimates are highly dependent on the prices of hydrogen and 
 electricity. If hydrogen is produced with electricity, high electricity prices will favour smelt reduction 
 using CCS, while low electricity prices favour hydrogen direct reduction. 


CCS 


Anywhere between 11-71 MtCO2 captured through CCS would be needed to achieve net-zero 
 emissions according to one study, depending on the scenario or technologies considered.13


The current integrated steelmaking route involves coke plants and pellet plants for preparation of raw 
 materials, blast furnaces for ironmaking, and basic oxygen furnaces for steelmaking. About 1.9 tonnes 
 of CO2 are emitted per tonne of steel, where about 1.3 tonnes CO2 are associated with the blast 
 furnace. CCS can be applied to the blast furnace, and if using recycled exhaust gas, capture could 
 reduce emissions up to 50%.13 The abatement costs of CCS with the current production technology 
 are in the range of 70 to 95 EUR/tCO2 (including transportand storage).14


One pathway to further reduce emissions using CCS could be to completely change the production 
 process, using direct smelting. Direct smelting could replace multiple processing steps and would 
 result in a higher CO2 concentration from a single point, which would give cost reductions for carbon 
 capture and reduced energy usage.15 However, this process, known as Hisarna, has not been 
 deployed in full-scale, and the technology must be demonstrated. 


A widespread decarbonisation of iron and steel production using CCS as the main pathway would 
 require 3 times more electricity than today, to a total of 210 TWh.13


If it were to be financially viable to them, some steel manufacturers have indicated they could foresee 
 transport and storage of captured CO2 emissions to Norway for storage.16 Arcelor Mittal is planning to 
 test the DMXTM CO2 capture technology in 2022 and a demonstration project is currently being 
 designed for 1 MtCO2/y. If the process is proven to be efficient, it could be deployed on the other 
 Arcelor Mittal plants in Europe. 


CCU 


Some steel companies, facing strong competition from regions with less stringent environmental 
 regulations, see CCU as a more achievable path for emissions reduction as it can provide potential 
 revenues. The captured CO2 could then be used for chemical production, such as methanol, ethanol, 
 or naphtha. Depending on the volumes and prices, CCU could potentially enable CCS when storage 
 becomes more readily available and emissions more costly.16


The iron and steel sector has developed several CCU projects with the most advanced ones at a pilot 
 stage. If these pilots are successful, the intention is to deploy the technologies broadly. This will, 
 however, require financial support either from the EU or from member states as, at the moment, CCU-
 based products are more expensive than their fossil counterparts (e.g. methanol).16 It is also key to 
 develop some internationally recognized methodologies to assess the mitigation effects of the CCU 


13 Material Economics, Industrial Transformation 2050 – Pathways to net-zero emissions from EU heavy industry, 
 2019 


14 Naims, H., Economics of carbon dioxide capture and utilization – a supply and demand perspective, 2016 


15 The abatement costs of using the direct smelting process when developed, with CCS, was estimated to 36 
 EUR/tCO2 by Material Economics. 


16 Interview with ArcelorMittal 



(25)technologies as in some cases CCU might not lead to a reduction of CO2 emissions in the 
 atmosphere. 


Hydrogen 


Hydrogen used to reduce the iron ore to iron in a direct process is potentially an important abatement 
 measure. Some actors in the steel sector prefer clean hydrogen rather than CCU/CCS as an 


abatement option. This especially the case in countries where the public opinion towards carbon 
 capture is negative. The direct iron reduction process is already widespread internationally using 
 natural gas. The technology for using hydrogen in this process is under development, with planned 
 demonstration projects. The heat energy to produce steel from hydrogen would then be using electric 
 arc furnaces, which are already used in steel recycling. The direct iron reduction process removes the 
 need for coke ovens and blast furnaces. The abatement cost is highly dependent on the price of 
 hydrogen. For green hydrogen, when the technology is developed, abatement costs have been 
 estimated to be 18-57 EUR/tCO2, with electricity prices of 40-60 EUR/MWh.17  


A widespread deployment of the hydrogen direct reduction process would require large amounts of 
 hydrogen, estimated in one study to be 5.5 Mt of hydrogen by 2050. If this amount of hydrogen were to 
 be produced by electrolysis, this would increase demand for renewable electricity by 234 TWh.18 The 
 electricity demand is estimated to be around 5 times higher than today, 355 TWh/y, due both to 
 hydrogen production and electrification of heating needs, which is about the current annual electricity 
 production from wind in EU 28.17 Other studies have found significantly higher needs for electricity for 
 iron and steel production based on hydrogen, up to 700-1000 TWh in 2050.19


The need for additional decarbonized electricity is high and would require the development of 
 significant new renewable power. Hydrogen from Steam Methane Reforming with CCS (i.e. blue 
 hydrogen) could be used as a transition solution before ensuring that there is enough decarbonized 
 electricity to produce and use green hydrogen in the industry.20 (see section 2.6) 


Other 


Increased recycling rates could also reduce production of virgin steel, although the share of steel 
 recycled is already high in the EU at 85%. Recycling steel using electric arc furnaces could provide a 
 cost-efficient alternative for the available scrap steel volumes. Increased steel scrap usage requires 
 improved design of products, better techniques in handling and new metallurgical techniques. Given 
 such improvements, scrap steel could represent about half of EU steel production. 17 


2.1.3  Summary metal 


Different combinations of abatement technologies give a range of needs for CO2 storage to achieve 
 net-zero emissions from the steel sector. A range of 11-71 MtCO2 could be captured in 2050 in 
 different pathways towards net-zero considering hydrogen reduction, circular economy and CCS. 17 
 The different pathways are estimated to demand increased investments in the steel industry of 25-65% 


until 2050, compared to today’s baseline. The circular economy pathway is in the lower range, while 


17 Material Economics, Industrial Transformation 2050 – Pathways to net-zero emissions from EU heavy industry, 
 2019 


18 Eurofer, Low carbon Roadmap – Pathways to a CO2-neutral European steel industry, 2019 


19 In-depth analysis in support of the Commission Communication COM(2018) 773 


20 Oxford Institute of Energy Studies, Blue hydrogen as an enabler of green hydrogen – the case of Germany, 
2020 



(26)the pathway using a large share of hydrogen represents 60% increase, and the CCS priority pathway 
 represents a 65% increase.  


CCS associated to CCU is seen as a key decarbonisation technology for some of the industrial actors 
 while some others see the hydrogen path as essential. The “medium” rating for the role of CCS reflects 
 this difference of opinion. If a hydrogen path is chosen for steel production, CCS could also potentially 
 play a role in the production of hydrogen from natural gas, especially as large volumes of new 


renewable capacity would be needed for green hydrogen production (see chapter 2.8).  


Table 2 - Summary table of iron and steel 


Emissions 2017 (MtCO2)  115 (67 plants) 


Significance of CCS in decarbonisation 


Medium, as hydrogen direct iron 
 reduction is competitive, depending on 
 H2 price. If blue hydrogen, then CCS is 


key. 


Cost of CCS (EUR/tCO2) including transport and storage  70-95 (Current technology) 
 Cost of other abatement options (EUR/tCO2) 


Hydrogen direct reduction (green H2)  18-57 


Scenario capture volume 2030 (MtCO2/y) to reach a net-


zero target by 2050  ~5 


Scenario possible capture volume 2050 (MtCO2/y) to 


reach a net-zero target by 2050  11-71 


Technical capturable volume (MtCO2/y) – all Europe21 69 


Role of CCS  Medium22


 Mineral production 


2.1.1  Sector emissions and plans 


The mineral industry consists primarily of the manufacture of cement, lime and plaster, ceramics, 
 glass, and mineral fibres. The mineral industry emitted about 198 MtCO2e23 in 2017, of which 
 152 MtCO2 are from large stationary sources (above 100 ktCO2/y). 


Cement production represents 80% of these emissions, lime and plaster production represents 12.5%, 
 and ceramics production represents 5%. The focus of this section is cement production.  


21 Capturable CO2 emissions – see Box 3 - Capturable volumes 


22 Indirect use of CCS through blue H2 production is reflected on in section 2.6. 


23 Eurostat, GHG emissions per sector 



(27)Figure 4: CO2 emissions from the mineral industry in 2017 – Large stationary sources (>100 ktCO2/y) 


Source: Data: E-PRTR / Carbon Limits Analysis


Cement production facilities are geographically distributed as cement is mostly locally produced and 
locally consumed. On average, each facility has emissions of 0.6 MtCO2/y. 



(28)Figure 5: Location of the mineral production plants in Europe and CO2 emissions in 2017 for plants emitting more 
 than 100 ktCO2/y 


Source: Data: E-PRTR / Carbon Limits Analysis


The majority of CO2 emissions from cement production are from clinker production, specifically CO2


from calcining limestone and from burning of fuels to heat the kiln. Process emissions (heating of 
 limestone and release of CO2) represents 60 to 65% of cement manufacturing emissions.  


CEMBUREAU, the European cement association has recently published its climate neutrality 


roadmap24 with a neutrality objective by 2050 and an intermediate goal at 40% reduction compared to 
 1990 along the cement value chain for 2030. Material Economics has also looked into the pathways to 
 net-zero emissions from cement production in Europe25.  


The production of 1 tonne of cement in 2017 leads on average to emissions of 691 kgCO2 along the 
 cement value chain in the EU 28.24 The production in Europe could increase by 10% by 205025 but the 
 emissions were projected to remain at today’s levels, due to improvements in energy efficiency and 
 decarbonization of energy inputs.  


24 CEMBUREAU, Cementing the European Green Deal, May 2020, https://cembureau.eu/media/1948/cembureau-
 2050-roadmap_final-version_web.pdf  


25 Material Economics (2019). Industrial Transformation 2050 - Pathways to Net-Zero Emissions from EU Heavy 
Industry 
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