

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  Senest søgte
                

              

                
                  
                      
                      
                        
                      
                  

                
              
                Ingen resultater fundet
              

            

          

          
            
              

                
              
            

            
              
                Tags
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Ingen resultater fundet
              

            

          

          
            
              
                
              
            

            
              
                Dokument
              

              
                
                  
                      
                  
                
              

              
                

              

              
                Ingen resultater fundet
              

            

          

        

      

    

    
      
        
          
        
      
              

                        
  
  

                
            
            
        
        Dansk
                        
          
            
            
              
                Hjem
                
                  
                
              
              
                Skoler
                
                  
                
              
              
                Emner
                
                  
                
              
            

          

        


        
          Log på
        
        
        
        
        
          

  





  
    
      
      	
            
              
              
            
            Slet
          
	
            
              
              
            
          
	
            
              
                
              
              
            
          
	
          

        
	Ingen resultater fundet


      
        
          
        
      
    

  







  
        
        
    
                
            
                
                    
    	
                                    
              Hjem
            
            








	
                          
                
              
                        
              Andet
            
            


                    Renewal of the Nordic balancing
                

                                    
                        In document
                        
    SOLUTIONS FOR A GREEN NORDIC ENERGY SYSTEM
                        (Sider 17-0)

                    

                            
            
                                                                                        3.2 Balancing towards new and more efficient

                                                                3.2.2 Renewal of the Nordic balancing

                                
                    The Nordic Balancing Model (NBM) programme will renew 
 the Nordic balancing process. It will facilitate increased 
 volumes of variable renewable energy, European market 
 integration and improved balancing market efficiency, while 
 maintaining operational security in the most cost-effective 
 manner. The NBM roadmap includes the implementation 
 of aFRR and mFRR capacity markets, a single price model, 
 mFRR energy activation markets and a 15-minute time 
 reso-lution. The last milestone in the roadmap is implementation 
 of the European energy activation market platforms, MARI 
 and PICASSO. A decision on when to connect to MARI 
 and PICASSO is considered in the ongoing derogation 
 process with Nordic regulators. The Nordic TSO proposal is 
 to connect to MARI and PICASSO within the time frame 
 between the go live of 15 imbalance settlement (22.5.2023) 
 and July 2024, which is the latest date, according to the 
 derogation window. Further information about the NBM 
 programme and the latest updates are available on the 
 website. 


Imbalance settlement. An imbalance settlement model and 
imbalance pricing provide incentives for market participants 
to balance their trading positions. A new single imbalance 
price settlement model according to the ACER decision 
on 18/2020 on the harmonisation of the main features of 
imbalance settlement was implemented on 1 November 
2021 in the Nordic countries. The single price-single 
posi-tion will enable balance responsible parties and other market 
parties to handle their imbalances more efficiently.


15-minute imbalance settlement period. Moving from 
 a one-hour imbalance settlement and market resolution 
 to a 15-minute resolution will enable market participants 
 to balance their positions in a more granular time frame, 
 thereby reducing structural imbalances in an efficient and 
 market-driven manner. The go live date for the 15-minute 
 imbalance settlement and the 15-minute intraday market is 
 22 May 2023. The go live date for the 15-minute intraday 
 market is currently re-assessed at the time of publishing.


Modernised ACE. The new Nordic balancing model involves 
 a transition from controlling the frequency of the power 
 system at a Nordic level to a model based on Area Control 
 Error (ACE) similar to that of continental Europe. The model 
 introduces the balancing of individual bidding zones and is 
 a prerequisite for joining the upcoming European balancing 
 market platforms. Compared to standard ACE-based 
 opera-tions, the new Nordic model will apply cross-border imbalance 
 netting and balancing reserves. The NBM calls it 
 modern-ised ACE. While ensuring clear roles and responsibilities 
 among balancing participants, the main benefits of the new 
 balancing model include better opportunities to participate 
 in the upcoming European balancing markets. Furthermore, 
 the new balancing model will improve frequency quality and 
 overall contribute to an improved security of supply. 


Capacity and energy markets for aFRR and mFRR. 


Balancing capacity markets are needed to ensure availability 
 of adequate real-time balancing resources in all situations. 


Sufficient aFRR capability in the Nordic region is needed 


to ensure a safe transition to the updated Nordic balancing 
 model, including a 15-minute time resolution. The Nordic 
 TSOs are currently preparing the Nordic cross-border aFRR 
 capacity market. A go live of the Nordic market is planned 
 to take place earliest Q4’22. The Nordic TSOs will have a 
 stepwise onboarding of national markets, utilizing the new 
 Nordic IT platform, in the period between November 2022 
 and up to the go live of the Nordic market. One of the major 
 milestones in the NBM roadmap is the introduction of a new 
 method for mFRR activation, including the transition to a 
 15-minute imbalance settlement period. To implement these 
 changes, a high degree of automation in the mFRR energy 
 activation market is needed. Implementation of a 
 modern-ised ACE will be completed by the introduction of the 
 Euro-pean aFRR energy activation market. Each load frequency 
 control (LFC) area will then have its own aFRR controller 
 that can regulate balance in that particular area. 


Stakeholder involvement in NBM


The NBM programme has been focusing on stakeholder 
 communication by planning and implementing 
 communi-cation via different channels and forums. The objective has 
 been an open discussion regarding the upcoming market and 
 technical changes that will influence all market participants. 


Stakeholders have been involved in the NBM stakeholder 
 reference group, which is a high-level forum for discussions 
 and sharing of information in both directions – from TSOs to 
 stakeholders, and vice versa. There have been several 


webi-nars for a wider audience focusing on project-specific topics 
 with the option to ask questions and give feedback. The 
 programme has its own website that includes up-to-date 
 information. In addition to mandatory consultations, the 
 programme has collected feedback by organising additional 
 consultations and questionnaires. 


The complex programme and its legal framework impose 
 challenges on the timetable of the regulatory processes. The 
 programme having several regulatory processes, TSOs and 
 NRAs have conducted regular coordination meetings and 
 discussions. 


3.2.3 Finding new ways to ensure high quality frequency    
 Inertia and FFR. Inertia is the power system’s ability to 
 withstand frequency changes due to resistance resulting 
 from the kinetic energy of the rotating masses synchronised 
 to the power system. During times of low inertia, a large and 
 sudden power imbalance, for example, due to the sudden 
 disconnection of a large generation unit, can cause large, 
 instantaneous frequency deviation and endanger 
 opera-tional security. To support frequency containment reserve 
 for disturbances (FCR-D) in situations of low inertia, the 
 Nordic TSOs have implemented a new reserve product Fast 
 Frequency Reserve (FFR). The TSOs procure FFR in times 
 of low inertia based on common technical requirements.
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The TSOs are currently assessing long-term power system 
 development scenarios and the consequences of 
 intro-ducing increasingly more wind and solar power on power 
 system inertia. Preliminary results indicate that periods of 
 low inertia will become more common when moving towards 
 the mid-2030s. Towards the mid-2040s, inertia levels 
 are expected to decrease further, and the scenarios show 
 periods of very low inertia. Such low inertia levels would call 
 for new solutions for power system operation.


New FCR technical requirements. The Nordic TSOs have 
 been gradually developing new harmonised technical 
 require-ments for the frequency containment reserve for normal 
 operation (FCR-N) and frequency containment reserve for 
 disturbances (FCR–D). The goal of the new requirements is 
 to ensure a good level of security of supply in the transition 
 towards a clean and integrated power system. Harmonised 
 requirements will also help market participants operate 
 across the Nordic region and ensure that the procured 
 reserves fulfil the needs of the power system, regardless of 
 which country they are delivered from.


Together with reserve providers, the TSOs piloted the new 
 requirements during the latter part of 2021. The goal is to 
 start implementation of the new requirements during 2022. 


With the implementation of the new requirements, the 
 reserve providers need to perform tests to show compliance.


FCR-D downwards. As of 2022, the Nordic TSOs will procure 
 a frequency containment reserve for disturbances (FCR–D), 
 also for downwards regulation. FCR-D downwards is needed 
 to handle large over-frequency disturbances, particularly due 
 to the introduction of new interconnectors from Norway to 
 Germany and the United Kingdom.



3.3 Creating the foundation for the future  energy system 


The development towards a climate neutral Nordic society is 
 causing a rapid change in the energy sector. The drivers are 
 electrification, new types of loads and the rapid growth in 
 renewable electricity generation. A strong and stable Nordic 
 power grid is the core of a future fossil-free Nordic energy 
 system, making it a good place for future investment.


The Nordic TSOs are constantly collaborating to enable the 
 clean energy system of the future and solve related 
 chal-lenges. A joint Nordic development of the transmission grid 
 is an important part of this collaboration. It is being achieved 
 through the work with the Nordic grid development reports 
 (NGDP), which are published every second year. In general, 
 NGDP describes the main drivers of the changing Nordic 
 power system, as well as planned and ongoing grid 
 devel-opments to meet expected future needs. The recently 
 published Nordic grid development report2 (NGDP, Nordic 
 Grid Development Perspective 2021) presents a common 


2 NGDP2021


Nordic scenario that reflects the development towards a 
 climate neutral Nordic society, with Nordic consumption 
 increasing from today’s approximately 400 TWh to 655 
 TWh by 2040, as well as an overview of future system needs. 


The report also presents a Nordic view of the selected focus 
 areas: North-South power transfer, resource adequacy and 
 offshore wind power in the future system. (In addition to the 
 Nordic scenario, there are national plans that deviate from 
 the figures in the NDGP.)


One of the main conclusions drawn in NGDP 2021 is that 
 significant investments in the grid and cross-border 
 connec-tions are needed, and the current status of long-term system 
 development is presented below. The studies also show that 
 system adequacy will be a challenge in the future and that 
 flexibility is one of the keys to the solution, as well as a strong 
 transmission grid.


Nordic TSO strategy
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In operation
 In construction  
 In permitting/
 muista kun GB1, BG6 
 ja GB7 (mainittu
 tekstissä)



Map of projects of Nordic significance   (from the NGDP report)


3.3.1 Long-term transmission system planning


The Nordic TSOs are preparing the grid for a future energy 
 system that will become increasingly more complex and 
 inte-grated. Significant investments in the grid and cross-border 
 connections of more than EUR 25 billion are planned over 
 the next ten years. However, more investments are needed 
 to facilitate the growing renewable electricity generation, as 
 well as meet the new demand resulting from the 
 electrifica-tion of industrial processes, for example. 


An analysis of future needs, based on the climate neutral 
 Nordics scenario, indicated an increased need for grid 
 devel-opment between bidding zones. There are currently ongoing 
 investigations of interconnectors between Sweden and 
 Finland and connecting Sweden to the continent. Further, 
 several of the existing Nordic interconnectors are reaching 
 their expected end of life. Thus, opportunities for 
 rein-vestment or replacement with new interconnectors 
 with increased capacity are being investigated. 


In operation
 In construction
 In permitting phase/ 


under consideration



4
 20


3 
Solutions


2

1


The projects shown in the figure above have been 
 cate-gorised as follows: national projects of Nordic importance, 
 cross-border projects within the Nordic area and 
 intercon-nectors to other synchronous areas. In addition, some of the 
 projects have a reference to Projects of Common Interest 
 (PCI) status. This is a status given by the European 
 Commis-sion to projects that have been deemed by the European 
 Union to be Projects of Common Interest. There are three 
 projects on the current PCI list (IV): the Aurora Line (CB1), 
 connecting Sweden and Finland, the West Coast line, 
 connecting Denmark and Germany (CB6) and the Viking 
 Link, connecting Denmark and the UK (CB7). 


The Nordic TSOs focus on the development of the Nordic 
 power system that is based on creating the highest value 
 for society and that leads to a carbon neutral future. Several 
 studies indicate that the volatility in the future power system 
 is increasing, but the most optimal solutions are not always to 
 build more transmission grids; other means are also needed. 


One is flexibility in demand and generation and as 
 vola-tility increases, so does the need for flexibility. Flexibility is 
 required to develop and operate future system in an optimal 
 way. Flexibility resources, such as demand-side response, 
 P2X and EVs will be essential in the future power system 
 and are essential from a system perspective. Furthermore, 
 these resources will also play an important role in how future 
 adequacy issues can be solved. It is expected that there will 
 be profitable ways to operate them in the future system. 


The Nordic TSOs are sharing best practice and encouraging 
 development in this area.


3.3.2 System adequacy


System adequacy is essentially a question of whether 
 supply is sufficient to meet demand at all times. The power 
 margin has been used as a metric to gain an overview of the 
 adequacy situation in the Nordics. The value is calculated as 
 the difference between each hour’s average production and 
 consumption. A positive power margin indicates hours with 
 excess available power production and thus available export 
 capacity, and vice versa for a negative power margin.


The transmission grid is a valuable enabler for the exchange 
 of resources between regions in the Nordics and 
 neigh-bouring countries. For example, analysis show that the 
 number of hours with a negative power margin is much lower 
 at a common Nordic level, compared to the sum of national 
 values for the Nordic countries, i.e., some adequacy issues 
 at the country level are resolved on the Nordic level thanks 
 to the exchange of resources through the transmission grid. 


This also illustrates that a negative power margin in some 
areas might be the most optimal solution from an economic 
perspective and will lead to the most effective utilisation of 
resources.



NORDIC STRATEGY



4.1 Preface


The global energy transition is changing the Nordic energy 
 landscape. Decarbonised electricity and the expected 
 increase in its use are key to meeting the climate targets 
 set by the Paris Climate Agreement. The Nordics have an 
 abundance of clean3 energy, but current clean electricity 
 generation is not sufficient to meet the forecast increase in 
 electricity consumption. The Nordic region needs more clean 
 electricity and has particularly good resources for the 
 expan-sion of onshore and offshore wind power. Sector integration 
 provides the connection between the increasingly variable 
 forms of electricity generation that are replacing other 
 tradi-tional energy sources and new uses for electricity in a variety 
 of sectors.


With a growing amount of variable renewable power, 
 gener-ation adequacy and a low level of inertia can challenge the 
 future electricity system. In this respect, it is vital to 
 safe-guard the generation of hydropower and nuclear power in 


the Nordic countries. A specific challenge for the Nordic 
 region is also the seasonal variation in electricity 
 consump-tion that calls for innovaconsump-tions and new soluconsump-tions regarding 
 long-term flexibility and storage. Another important factor 
 that contributes to short-term adequacy issues is the 
 geographical decentralisation of wind power generation, 
 which requires interconnections in order to transport the 
 electricity across the region to where it is needed. 


To respond to the energy transition challenges, the four 
 Nordic electricity transmission system operators have 
 prepared a Nordic TSO strategy for wind power and sector 
 integration, spanning towards 2030. The focus of the 
 strategy is on joint Nordic TSO activities that have a direct 
 link to the development of wind power and sector 
 integra-tion in collaboraintegra-tion with stakeholders. Wind power 
 devel-opment and sector integration are areas in which future 
 development and their pathways are dependent on multiple 
 actors. Stakeholders have provided valuable input for this 
 strategy and will be key collaborating partners in the 
 strate-gy’s implementation.
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3 Here,” clean” means CO2-free or CO2-neutral energy generation. This includes, for example, wind power, solar power, hydro power, nuclear power and biomass-based power generation.


The strategy comprises a Nordic vision and includes themes 
 for measures to achieve the vision. The strategy will also 
 recog-nise and consider the developments and requirements taking 
 place at the EU level and in the surrounding regions, such as 
 the Baltic and North Sea regions.


The highlights of the Nordic TSO strategy are centred around 
 the following issues:


•  Broad cooperation across all energy sectors and 
 stakeholders is vital 


•  Nordic TSOs must develop and maintain adequate 
 infra-structure for effective markets and renewable energy sources


•  All sources of flexibility – in consumption, energy storage 
 and generation – are needed for balancing and congestion 
 management


•  Easy and equal market access and proper incentives for 
 all energy resources are required to ensure generation 
 adequacy and to unlock flexibility and system services.


•  Power system planning, including the Baltic and North 
 Sea regions, must consider all energy sectors and types of 
 infrastructure to enable optimisation of the entire energy 
 system


•  There needs to be streamlined processes to make the grid 
 capacity and grid connections available in time.
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4.2 The elements of success


The Nordic solutions for achieving the climate goals are 
 concentrated on electrification that utilises clean electricity. 


In order to enable a huge increase in variable and 
 weath-er-dependent electricity in the Nordic electricity system, 
 we need sector integration and flexibility provided by the 
 various energy systems and their grids. 


Electrification enables the replacement of fossil fuels, for 
 example, by using electricity directly for producing heat for 
 buildings and industry. Furthermore, electricity can be used 
 to produce clean hydrogen, which can either be used directly 
 in industry or can be further processed for multiple purposes. 


Electricity can also be used instead of fossil fuels as a direct 
 or indirect fuel in the transport sector. Thanks to 
 well-func-tioning electricity markets and good wind conditions, 
 elec-trification can enable an efficient and competitive energy 
 system. Climate neutrality in the Nordics will require moving 
 from fossil-based fuels to clean and renewable electricity.


Nordic TSO strategy
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Technological Development



Towards climate goals


Electrification
 is a tool for 
 competitiveness 


and climate 
 neutrality


Wind power
 is a Nordic resource 
 for electrification, but 


its variability is a 
 challenge


Sector 
 integration
 enables flexibility and 


electrification, and 
 create business 


opportunities



Energy grids


Flexibility
 enables wind 
 integration and 
 ensures system 


security


4 Here, system security mainly refers to the operational security of the power system, while security of supply also includes security of the distribution grid, generation adequacy and 
 delivery to the end consumer.


Wind power is a readily available resource in the Nordics: 
 geograph-ically large rural areas for onshore wind power, long coastlines with 
 an abundance of shallow waters for offshore wind power and good 
 wind conditions. The Nordic power system uses a high volume of 
 climate-neutral energy that attracts stakeholders with business 
 models that benefit from such energy. However, power production 
 using wind power has natural variability and is somewhat 
 season-ally dependent, as cold winter days tend to be characterised by 
 low levels of wind. Large amounts of wind power will increase price 
 volatility and may affect stability. An increase in the share of wind 
 power in the power system has to be supplemented by additional 
 measures that ensure the stability of the entire power system.


Flexibility refers to the ability to react to the fluctuating needs 
 of the power system and is one of the tools needed to maintain 
 system security and also security of supply4. There are several 
 sources of power system flexibility. These include electricity 
 gener-ation, consumption, storage, and transmission lines between 
 bidding zones. During periods when wind power variability does not 
 follow the variability in consumption, there is a need for flexibility 
 to balance consumption and generation. The need for flexibility 
 increases with increasing variable renewable energy penetration. 


Flexibility can also be used to limit the short-term peaks of power 
flows in the grid. The more flexibility that is available, the more 
opportunity there is to integrate wind power generation on a large 
scale into the system without compromising the security of supply.


Flexibility can also be used to limit the short-term peaks of power 
flows in the grid. The more flexibility that is available, the more 
opportunity there is to integrate wind power generation on a large 
scale into the system without compromising the security of supply.
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