

  
    
            
        
      
      
        
          
        

        
          
            
          
        
        
          
            
              
                
              
            

            
              
                
                  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
            
            


      
                  for the Nordic 
      

      
        
          
            
              
                
              
            
            
            
              
                Del "for the Nordic "

                
                  
                    
                  
                  
                    
                  
                  
                    
                  
                  
                    
                  
                

                
                  

                  
                    COPY
                  
                

              

            

          

          
            
              

                
              
            
          

        

      

    

    
      
        
          
            
              
            
                          
                N/A
              
                      


          
            
              
            
                          
                N/A
              
                      

        

        
                      
              
                
              
                               Protected
                          

                    
            
              
            
            
              Akademisk år: 
                2022
              
            

          

        

        
          
            
            
                
                    
                
                Info
                
                

            
            

            

                        
  

                
        Hent
          
              

          
            
              
                
                Protected

              

              
                
                
                  Academic year: 2022
                

              

            

            
              
                
                  
                
                
                
                  
                    Del "for the Nordic "

                    
                      
                        
                      
                      
                        
                      
                      
                        
                      
                      
                        
                      
                    

                    
                      

                      
                        
                      
                    

                    Copied!

                  

                

              

              
                
                  
                
              

            

            
              
                
                66
              

              
                
                0
              

              
                
                0
              

            

          

        

      

      
        
                              
            
            66
          

          
            
            0
          

          
            
            0
          

        

      

    

  



  
        
                    
  
    
    
      
        Indlæser....
        (se fuldtekst nu)
      

      
        
      

      
      

    

  




  
      

                    Vis mere (   Sider )
        
  


  
      

                    Hent nu ( 66 Sider )
      



      
            
  
    Hele teksten

    
      (1)
Challenges and 

Opportunities 

for the Nordic 

Power System



(2)Nordic power system in the period leading up to 2025. 


The Nordic power system is changing. The main drivers of the changes 
 are climate policy, which in turn stimulates the development of more 
 Renewable Energy Sources (RES), technological developments, and a 
 common European framework for markets, operation and planning. 


While the system transformation has already started, the changes will 
 be much more visible by 2025. 


•  The share of wind power in the Nordic power system is rising. 


    Installed capacity for wind power is expected to triple in the period 
  2010–2025.


•  Swedish nuclear power plants will be decommissioned earlier than 
  initially planned (four reactors with a total capacity of 2,900 MW will 
 be decommissioned by 2020) while Finland will construct new nu- 
   clear capacity (one unit of 1,600 MW, which will be onstream in 
    2018 and another unit of 1,200 MW planned for 2024).


•  The capacity from interconnectors between the Nordic power  
 system and other systems will increase by more than 50 per cent 
 in 2025. The existing interconnectors and those under construc- 
 tion are shown in Figure 1. 


Overview of existing HVDC interconnectors and HVDC  interconnectors under construction


Figure 1 Overview of existing and planned HVDC interconnectors in the Nordic power system. 


Only those planned HVDC interconnectors with a final investment decision are included.
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(3)These changes present challenges for forecasting, operation and plan-
 ning of the power system. Further automatisation and digitalisation of 
 the power system could offer new opportunities within system regu-
 lation, and enable consumers to play a more active role. Smart me-
 ters, energy management systems, automated demand response and 
 microgrids, are key enablers in the restructuring of the Nordic power 
 system. The Nordic TSOs are developing these enablers both at a na-
 tional and a Nordic level.  There will be an increase in the interconnec-
 tion of markets, big data processing, price- and system-respondent 
 components and more advanced system-balancing. The system will 
 be more complex, more integrated and more automated, and will re-
 quire new measures from TSOs, regulators and market stakeholders.


Further development of the currect markets is necessary. Low prices 
 and market uncertainties are clouding the investment climate for new 
 generation capacity and adversely affecting the profitability of exist-
 ing conventional generation. The capacity mechanisms that are being  
 introduced and assessed in various European countries represent a 
 further challenge. The Nordic TSOs wish to improve the current mar-
 ket design to accommodate these changes. 


It is important to adopt a holistic perspective and to plan the trans-
 mission grid in relation to the market and the response from both 
 generation and consumption. In order to do this efficiently, the TSOs 
 must have a common understanding of how the changes will affect the 
 Nordic power system and how we can respond. 


Figure 2 shows the Nordic TSOs' best estimate scenario of the Nordic 
 energy balances in 2025. The main challenges foreseen by the Nordic 
 TSOs in the period leading up to 2025 include:  


•  Meeting the demand for flexibility.


•  Ensuring adequate transmission and generation capacity to guaran-
 tee security of supply and to meet the demand of the market.


•  Maintaining a good frequency quality and sufficient inertia in the 
 system to ensure operational security.


These challenges, many of which we are already facing, but which will 
 be more prevalent in the years leading up to 2025, are analysed and 
 discussed in further detail below. 


Figure 2 An estimate of production and consumption in the Nordic  
 power system in 2025 as a result of market simulation in 2015.


450
 400
 350
 300
 250
 200
 150
 100
 50
 0


Nordic energy balances 2025


TWh/year


CHP and other thermal
 Nuclear power
 Wind power
 Hydro Power
 Industrial consumption
 Other consumption


Total  Sweden DenmarkNorway Finland


Page 3



(4)This requires flexibility, which can be defined as the controllable part 
 of production and consumption that can be used to change input or 
 output for balancing purposes. Intermittent renewable production is 
 a main driver for increasing flexibility demand, whereas existing flexi-
 bility resources are limited and to some extent decreasing. Increased 
 transmission capacity towards Continental Europe can provide flexi-
 bility in some situations, but also means increased competition for the 
 low cost flexibility provided by Nordic hydro power.


In a well-functioning power market, a severe shortage of flexibility should 
 be avoidable. However, it is uncertain whether the current economic in-
 centives are sufficiently robust. Potential problems include regulatory 
 and/or technological obstacles preventing a transition to a system with a 
 more diversified supply of flexibility, and market designs intended to se-
 cure flexible capacity in line with market signals being developed too late. 


Another potential challenge could be distortion of the price signals, for 
 instance through unsuitable RES subsidy schemes or fixed prices for 
 end users. Such market imperfections will present challenges for sys-
 tem operation in the coming years. In severe cases, it could lead to hours 
 without price formation in the day-ahead market, and periods of insuf-
 ficient available balancing resources in the operational hour. It is also 
 possible that these challenges will occur in individual geographical sub- 
 areas even though there is enough flexibility available at system-level.


One prioritised area within TSO cooperation involves developing more 
 knowledge about the technological and economical potential for new 
 flexibility, in order to obtain a more accurate picture of prospective 
 challenges in balancing the system. Other possible solutions that 
 could be implemented by the TSOs include: 


•  Developing markets to provide the needed flexibility. Finer time 
   resolution in the day-ahead and intraday markets as well as the 
 balancing market, and a stronger emphasis on the intraday mar- 
   kets would reduce imbalances and hence the need to balance 
    resources within the operational hour. 


•  Utilising transmission capacity more efficiently - evaluation of 
 different capacity methods is ongoing.


most cost-effective development and utilisation of available flexibility. 


•  Utilising the AMS meters to further develop demand response. 


Generation adequacy


ENTSO-E’s adequacy assessment shows that the Nordic power system  
 will be able to cover demand in the Nordic countries in 2025; however,  
 more accurate assessments will be required to obtain a more reliable  
 evaluation of the situation. The ongoing and predicted changes in the  
 power system will make it more difficult and more expensive to fully  
 eliminate the risk of capacity shortages. This implies a need for a clear  
 definition of generation adequacy, and discussions of the socio-econo- 
 mic best instruments to use in order to maintain generation adequacy. 


At the moment, low market prices represent one of the main challeng-
 es for the Nordic power system. Reduced profitability of conventional 
 power generation will lead to lower capacity of thermal and nuclear 
 power plants. If price signals do not reach market participants, the lat-
 ter will not respond by regulating production and/or changing demand 
 in shortage/scarcity situations, or investing in new generation. Thus, 
 securing adequate capacity is also a question of getting prices right. 


A second challenge relates to the adoption of appropriate methodol-
 ogies and definitions. Traditional adequacy methodologies are deter-
 ministic and therefore disregard capacity based on intermittent power 
 sources. They also underestimate the value of transmission capacity, 
 and do not cover the stochastic nature of component failure in the 
 power system. In addition, the current adequacy assessments and 
 mitigation measures do not fully value cross-border exchange. 


Possible solutions that could be implemented by the TSOs: 


•  Development of harmonised, shared Nordic probabilistic meth- 
 odologies to address uncertainties in the power system. 


•  Measures to address adequacy should be identified from a 
    Nordic perspective; however, mitigation measures can be deve- 
   loped on both a national and a regional level. Hence, the Nordic  
 countries need to identify common principles for mitigation measures.
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(5)Possible solutions requiring broader collaboration: 


•  Adequacy is to a large extent a common Nordic challenge which 
 will necessitate ongoing common market development and imple-
 mentation of common adequacy assessments. In order to achieve 
    this, the regulatory framework will have to adopt common defini- 


tions of generation adequacy.


•  RES subsidies to be coordinated on the regional level. 


Frequency quality


System frequency is an indicator of the instantaneous power balance 
 between production and consumption and power exchange, while fre-
 quency quality is a key indicator of system security. Frequency devia-
 tions outside the target area challenge system security by reducing the 
 balancing reserves available to address disturbances. Frequency quali-
 ty is a common feature of the Nordic synchronous system. 


Larger imbalances caused by forecast errors and HVDC ramping 
 present a challenge for the TSOs. Maintaining adequate frequency 
 and balancing reserves is critical for securing real-time balance. The 
 current market design, which is based on hourly resolution, does not 
 guarantee momentary balance within intra-hour timeframes. The 
 trend of increasing intra-hour imbalances is expected to continue as 
 a result of faster, larger and more frequent changes in generation and 
 ramping of HVDC interconnectors. More unpredictable power gener-
 ation in the Nordic power system will result in more forecast errors. 


Another challenge is the increased need for, though reduced access to, 
 reserve capacity in the current market situation. Smaller power plants 
 do not provide the same extent of frequency and balancing reserves 
 as traditional plants. When fewer large power plants are in operation, 
 capacity problems can arise, and the system is less well equipped to 
 maintain stable frequencies.


A third challenge concerns the availability of transmission capacity 
 for frequency and balancing reserves. Effective management of grid 
 congestion plays an important role in securing system operation and 
 efficient resource utilisation. It is not possible to regulate resources to 
 balance the system if these are stuck behind a bottleneck. The costs of 
 reserves and availability of transmission capacity vary between areas 
 and over time, which means that the distribution of reserves must be 


dynamically optimised to ensure that necessary grid capacity is avail-
 able. This would reduce costs compared with applying fixed distribu-
 tion of reserves over time.  


Possible solutions that could be implemented by the TSOs: 


•  Clarification of a common Nordic specification for frequency quality, 
 including requirements for frequency and balancing reserves. 


•  Further development of joint Nordic ICT solutions. Introduction of 
 more advanced systems for supervision and control, and more au- 
 tomatisation of operational processes. 


•  Develop Nordic markets for all balancing products.


Possible solutions requiring broader collaboration: 


•  Finer time resolution in the energy and balancing markets. 


•  Stronger incentives for Balance Responsible Providers to maintain 
  the balance by ensuring correct price signals.


•  Review efficient and market based solutions for allocating transmis- 
 sion capacity to balancing and reserve markets.


•  Harmonisation of products and market solutions for frequency and 
 balancing regulation. 


Inertia


Inertia in a power system is connected to the rate of change of frequen-
 cy. With insufficient inertia, frequency drops can be too rapid, causing 
 the frequency to reach the load-shedding value before reserves have 
 reacted sufficiently. Higher volumes of RES, phasing out of nuclear 
 units, and high imports through HVDC connections all reduce inertia 
 levels. In 2025 the inertia, measured as kinetic energy, is estimat-
 ed to be below the required volume of 120–145 GWs 1–19 per cent 
 of the time depending on the climate year (based on analyses with 
 historical reference period 1962–2012). The lowest kinetic energy  
 values are observed during summer nights with high wind produc-
 tion. In the current Nordic power system (2010–2015), the estimated  
 kinetic energy was below 140 GWs 4 per cent of the time or less;  


however, in 2009 the duration was approximately 12 per cent.


The main challenge lies in maintaining sufficient inertia in the system to 
 guarantee operational security since insufficient inertia would put sys-
 tem stability at risk in the event of a large unit trip.
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(6)Market solutions or incentives will be required to ensure that sufficient 
 inertia is maintained in the system at all times. 


The solutions for coping with low inertia can be split between legislative, 
 market and the TSOs’ own measures. 


Possible solutions to be implemented by the TSOs:


•  Setting minimum requirements for kinetic energy in the system. 


•  Limiting the power output of the largest units (generators and importing 
 HVDC links) in situations with low inertia, to a level where the freque-
 ncy remains within the allowed limits in the event of large unit trips.


Possible solutions requiring broader collaboration: 


•  In the short term, inertia in the system can be increased by running 
 existing production units with lower average output. 


•  Adding more frequency containment reserves, including HVDC 
 Emergency Power Control, or increasing the reaction speed of the 
 reserves for getting faster responses during disturbances. 


•  Installing System Protection Schemes or using HVDC links.


•  Adding rotating masses, such as synchronous condensers.


•  Adding synthetic inertia to the system.


Transmission adequacy 


Transmission capacity plays a key role in addressing the system chal-
 lenges described above. Adequate transmission capacity enables 
 cost-effective utilisation of energy production, balancing and inertia 
 resources and helps to ensure the security of supply. 


Each TSO in the Nordic region is responsible for developing the trans-
 mission system within its borders. The Nordic TSOs have published na-
 tional grid development plans presenting both approved projects and 
 project candidates. The very nature of the transmission system makes 
 regional cooperation essential to achieve an effective power system. This 
 is fully acknowledged by the Nordic TSOs, and joint grid development 
 plans have been published since 2002. Identified potential transmission 
 investments are subject to a bilateral study between the involved TSOs. 


cult to predict the future power system. In addition, not all power system 
 benefits of transmission capacity are properly valued when evaluating 
 transmission investments. The focus has historically been on commer-
 cial benefits, while there is a growing need to adequately value the securi-
 ty of supply. Consequently, there is a need to further develop cooperation 
 with regard to modelling tool development and method improvement. 


Another difficulty relates to balancing Nordic, European and national per-
 spectives in transmission planning. It is critical to address these issues 
 today in order to successfully deal with predicted system challenges.


A second challenge involves maintaining operational security and an 
 efficient market while reconstructing the grid. While development and 
 increased application of live work will help meet this challenge the 
 planned outages of grid components will nonetheless be very frequent 
 in the coming decade, with resulting intermittently limited capacity. 


The investment portfolio shows that this is especially relevant for the 
 next few years, since investments for the Nordic TSOs peak in 2018.  


Possible solutions that could be implemented by the TSOs:


•  Additional transmission capacity can alleviate the challenges with 
 generation adequacy, flexibility and real-time balancing. 


•  Improving modelling tools and common understanding of the in- 
   terpretation of findings, along with a robust scenario strategy.  


Improving methods of including additional values in transmission 
     planning and in-depth analysis of which services that are valuable 


for the power system. 


Possible solutions requiring broader collaboration:


•  Clarification of differences and common goals for grid develop- 
 ment in the Nordic region.


The way forward


The challenges listed need to be addressed. If no measures are taken, 
 there could be severe consequences. The timeline in Figure 3 high-
 lights the most important triggers (changes) which will exacerbate the 
 challenges.  Leading up to 2025 and beyond, the risk of the identified 
 challenges will increase. Action from the Nordic TSOs and other stake
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(7)holders in the Nordic power sector will reduce the risk. 


Improvement possibilities have been identified with regard to mar-
 ket design and operations. The Nordic TSOs have started several  
 projects, including initiatives to boost knowledge about frequency, qual-
 ity and handling of inertia; to develop a common market for balancing  
 reserves, more finely tuned time resolution, full-cost balancing, cost- 
 recovery and efficient balancing incentives, to stimulate demand side 
 response and to secure more efficient utilisation of transmission capacity.


More extensive cooperation between the Nordic TSOs is a prerequi-
 site for successful development and implementation of the available 
 solutions; however, the Nordic TSOs cannot achieve everything on 
 their own. Successfully stabilising the power system will require ex-
 tended cooperation across the power sector. An example where coop-
 eration between regulators and TSOs is necessary is the EU regulato-
 ry cross-border cost-allocation (CBCA) tool, which the Nordic TSOs do 
 not believe is an efficient way to speed up market integration. 


Possible solutions have been identified for each challenge analysed 


in this report. Some of these solutions are market based where there 
 need to be an agreement of which market model to develop and  
 implement. Other solutions are technical solutions where cost and cost- 
 sharing are the main issues. A third category of solutions is knowledge 
 related – more insight is needed in order to evaluate the solutions.  


Many of the proposed solutions cannot be developed and implemented  
 without extensive collaboration with the regulators and the power indu- 
 stry. The power system is becoming more complex and more integrat-
 ed. Cooperation both across country borders and between different 
 stakeholders in the Nordic power system is a prerequisite for success.   


Research, development and demonstrations will also be required, 
 especially where future solutions are unclear, and/or contain new 
 technology or concepts. By further developing the R&D cooperation 
 between the Nordic TSOs, an increased commitment and more effi-
 cient information sharing is acheived. 


The Nordic TSOs will follow up this report with a second phase that will 
 further examine the solutions identified in this report. The aim of the next 
 phase is to take the cooperation a step further and agree on measures.


Figure 3 Timeline of the identified challenges. The figure include four triggers (changes) that will exacerbate the challenges. Leading up to 2025 and beyond, 
 the risk of the identified challenges will increase if no measures are taken.
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(11)1.1   Introduction


The Nordic power system is changing. More Renewable Energy 
 Sources (RES), more transmission capacity between the Nordic pow-
 er system and Continental Europe, and changes in consumption are 
 resulting in significant challenges with regard to forecasting, operat-
 ing and planning the power system. These changes are driven by a 
 climate change agenda, technical development, including digitalisa-
 tion, and a common European framework for markets, operation and 
 planning. This system transformation has already started, but will be 
 even more apparent in 2025. 


The Nordic power system is a synchronous area1 with a common 
 frequency. Consequently, imbalances affect the frequency and pow-
 er flows in the entire system. With Europe moving towards a more 
 integrated power system and the Nordic countries becoming more 
 interlinked, the Nordic countries are even more dependent on each 
 other. This is necessitating further harmonisation of the existing Nor-
 dic market solutions and preparations for efficient integration with the 
 European markets. 


The Nordic Transmission System Operators (TSOs) have a long his-
 tory of collaborating on operations, planning and market solutions.  


The TSOs now see a need to establish a coherent system-wide collab-
 oration in order to cooperate more efficiently. A common understand-
 ing of the way the changes will affect the Nordic power system and 
 how the TSOs should respond is required. The purpose of this report 
 is to enable the four Nordic TSOs, Svenska kraftnät, Statnett, Fingrid 
 and Energinet.dk, to jointly agree on priorities for the Nordic power 
 system and to contribute to a constructive collaboration. We aim to 
 create a common understanding of the major challenges and opportu-
 nities the Nordic power system is facing as we approach 2025. Lands-
 net is not included in this strategy.


In this chapter, the ongoing and predicted changes in the Nordic pow-
 er system in the period leading up to 2025 are introduced. This chap-
 ter also contains a brief discussion of the ensuing challenges, as well 
 as the Nordic TSOs' "best estimate" scenario for 2025.


1.2 Uncertainties will shape the future Nordic power system


While the Nordic power system undoubtedly faces major changes, 
 significant uncertainty attaches to the magnitude and pace of these 
 changes, and how these will affect the power system. The location of 
 new renewable energy generation will have a significant effect on the 
 need for new transmission lines. Future regulations, including subsidy 
 schemes, will thus have a major impact on the design of the Nordic 
 power system. Technical developments are also uncertain. For exam-
 ple, the role of demand response depends on the level of system au-
 tomatisation while the suitability of battery storage as a flexibility pro-
 vider will be contingent on the cost and capacity of the batteries of the 
 future. Technical developments are facilitating closer coupling between 
 different synchronous areas.


Electricity prices are currently very low, both in the Nordic countries 
 and the rest of Europe. The main reasons for this are low price levels 
 for coal, gas and CO2, and a rising share of subsidised RES in the ener-
 gy mix. In the Nordic area, the growing volume of unregulated gener-
 ation, in particular during summer, and in periods of high water inflow 
 to hydropower plants’ reservoirs, is further depressing prices. The cur-
 rent low price level in the market is not incentivising new investments in 
 any type of power generation. In addition, existing baseload generation 
 is struggling with unprofitable operations. The early commissioning of 
 thermal power, especially Swedish nuclear, illustrates this point. It is 
 uncertain how electricity prices will develop as we approach 2025. We 
 are likely to see a rebound due to a gradual rebalancing of the glob-
 al fuel markets, though continuously low prices all the way to 2025 is 
 also a possible scenario. The market tools and the market design need 
 to adapt to this new low-price situation. Lack of incentives for investors 
 could have adverse long-term effects on the security of supply.


In order to better understand the uncertainties, and to be pre-
 pared to deal with these, the Nordic TSOs have a strong focus on 
 research and development. The TSOs have collaborated within re-
 search and development since the early 1990s. Today, the Nordic 
 R&D group coordinates research and development projects of com-
 mon interest, shares information about each TSO’s R&D strategies, 
 future R&D needs and best practices and, acts as a common Nordic 


1The Nordic synchronous system consists of the electricity systems of Finland, Sweden, Norway and the eastern part of Denmark (Sjaelland) while the western 
 part of Denmark (Jutland) is synchronised with the Continental European system. Unless otherwise specified we will include all of Denmark (i.e. also Jutland) when 


analyzing and discussing the Nordic power system. Page11



(12)1.3  Main trends towards 2025


The structural changes in the power system will challenge the way we 
 traditionally think about and operate the Nordic power system. The 
 main changes are: 


•  The closure of thermal power plants.


•  The share of RES in the generation mix is increasing while the 
  capacity of coal and gas is declining.


•  Swedish nuclear power plants will be decommissioned earlier than 
 initially planned while Finland is constructing new nuclear plants.


•  More interconnectors between the Nordic power system, the Con- 
   tinental European system, and other systems (the UK, Russia, the 
    Baltic system).


In order to meet the challenges of climate change and energy security, 
 which are on the European Commission’s agenda (ENTSO-E 2014), a 
 similar transition in power systems is expected elsewhere in Europe 
 over the next ten years. Further RES integration and increased elec-
 trification of both the transport and household sector are expected. 


Regional coordination is, and is becoming even more, critical to the 
 secure operation of an interconnected European power system. The 
 functioning of cross-border markets, and regional cooperation is 
 therefore one of the main vehicles for delivering the Energy Union, 
 and securing benefits on a European and national level. The network 
 codes facilitate harmonisation, integration and efficiency of the Euro-
 pean electricity market, and are intended to enable efficient coopera-
 tion between all stakeholders including the TSOs. However, this will 
 entail more formalised and standardised regulation that will prolong 
 the process for modifications.


Historically, the Nordic power system has experienced problems on 
 cold winter days with high demand and limited generation and trans-
 mission capacity. It was relatively easy to predict in which period this 
 could happen, and plan accordingly. Now, in addition to hours of peak 
 demand, problematic situations may also include hours with low load 


The changes in the power system will influence existing, and create 
 new, market participants. The roles and interaction of the participants 
 will change. New participants, e.g. prosumers2 and aggregators3, will 
 challenge current business models, and will require new ICT solutions. 


The digital transformation of the power system; smart meters, energy 
 management systems, automated demand response and microgrids 
 could be key enablers in the restructuring of the Nordic power system. 


The Nordic TSOs are developing these enablers both at a national and 
 a Nordic level. These ICT (information and communications techno- 
 logy) and market solutions will play a central role in the transition of 
 the power system. The system will be more complex, more integrated 
 and more automated. While this is an important trend, its exact impact 
 in 2025 is highly uncertain. 


All these changes suggest that it will be even more important to look 
 at the whole picture, and to plan the transmission grid in relation to 
 the market and the response from both generation and consumption.


2A prosumer is an end-user that both produces and consumes power.


3An aggregator collects and manages small-scale consumption, and can activate participation in reserve and balancing markets.  Page12



(13)1.4 Our scenario for 2025


The Nordic Grid Development Plan (Energinet.dk, Fingrid, Statnett 
 and Svenska kraftnät, Landsnet 2014) and each country’s grid devel-
 opment plans are used as a basis for systemising the development of 
 the grid. Transmission capacity has increased in recent years and will 
 continue to expand in the future, as illustrated in Figure 4. These vast 
 investments in the Nordic grid over the next ten years will reduce bot-
 tlenecks and improve system flexibility. The total investment portfolio 
 will peak in 2018.


Figure 4 Total investment portfolio for the TSOs 2014–2020. 
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(14)commissioning plans for production capacity.


By 2025, the connection capacity between the Nordic power system 
 and the power systems of the European Continent, the Baltic system 
 and the UK will almost have doubled, see Figure 6.


The main challenges we foresee in our scenario for 2025 are:  


•  An increased demand for flexibility. 


•  Securing transmission and generation adequacy to guarantee  
 security of supply.  


•  Maintaining a good frequency quality.


•  Securing sufficient inertia in the system.


These challenges are further analysed and discussed in the following 
 chapters. We aim to systemise and prioritise the various challenges, 
 many of which we are already facing today, but which will be more 
 prevalent as we approach 2025. 
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Figure 5: An estimate of electricity production and consumption in the 
 Nordic power system in 2025 as a result of market simulation per-
 formed in 2015.
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(15)Overview of existing HVDC interconnectors and HVDC interconnectors under construction


Figure 6 Overview of existing and planned HVDC inter- 
 connectors in the Nordic power system. Only those 
 planned HVDC interconnectors with a final investment 
 decision are included. 
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(16)maintain the total amount of production and consumption at the same 
 level at all times. This requires flexibility, which can be defined as the 
 controllable part of production and consumption that can be used to 
 change input or output for balancing purposes. Another category is 
 energy storage that can act as both consumption and production, de-
 pendent on the situation. Examples of time horizons and correspond-
 ing needs for flexibility include:


•   Long-term – in order to balance the variations in generation and 
  consumption between seasons and years


•  Medium-term – balancing between months, weeks and days


•  Day-ahead – establishing a balance hour by hour for the next day


•  Intraday – adjusting the balance hour by hour for the same day


•  Operation – fine-tuning the already balanced system minute by 
 minute, second by second


Examples of flexibility sources include hydropower plants with reser-
 voirs, coal and gas power plants, price-dependent consumption, bat-
 teries and hydro plants with the capacity to pump up water for later 
 use. Intermittent wind, run-of-river hydro and PV plants can also pro-
 vide short-term down-regulation when they are producing. They also 
 have a potential for short-term up-regulation if production is reduced 
 in advance.


2.2  Existing production flexibility – an increasingly scarce  
 resource


The high percentage of hydro production with reservoirs in the Nordic 
 region provides large volumes of relatively cheap flexibility, both in the 
 day-ahead market and in the operational hour. The reservoirs provide 
 excellent opportunities to accumulate water for a long time, and the 
 cost of ramping up and down these plants is close to zero. In addition 
 to the hydropower, the Nordic countries have a significant volume of 
 flexible thermal coal and gas power plants that can also provide both 
 long- and short-term flexibility, though at a higher cost than hydropower.


Until now, the flexibility provided by the hydro plants with reservoirs 


tions abroad mainly cover the residual demand. This has resulted in a 
 relatively low price volatility in the day-ahead market and relatively low 
 operational balancing costs. This will probably change in the period 
 leading up to 2025.


•  Demand for flexibility is increasing, both in the day-ahead market 
 and in the operational hour. 


•  At the same time, the flexibility provided by existing hydro plants  
 is limited and thermal production capacity is declining. 


A higher market share of intermittent renewables will be the main 
 driver of increased demand for flexibility in the period leading up to 
 2025. In periods of low consumption and high production from wind, 
 solar and run-of-river hydro, other production units need to provide 
 more flexibility in the day-ahead market by ramping down their pro-
 duction. Meanwhile, forecasting errors affecting a larger proportion 
 of total production will increase the need for balancing closer to, and 
 within, the operational hour.


With increasing transmission capacity towards the Continental Euro-
 pean, the UK and the Baltic systems, the Nordic region both provides 
 and receives flexibility. However, the new capacity will contribute to 
 increased competition for the low cost flexibility provided by hydro-
 power. This will increase the value of hydro production, and lead to 
 higher short-term price volatility in the day-ahead market and higher 
 balancing costs in the operational hour. In addition, the reserve re-
 quirements of system operation may increase due to greater changes 
 in the power flow and larger imbalances.


The options for further redispatching of flexible production are limit-
 ed by numerous factors. We are already experiencing periods where 
 hydro plants are reaching limits and thus cannot provide any addition-
 al flexibility. The same is the case for the thermal units. In Statnett’s 
 market simulations for 2025, the following occurs more frequently:


•  Hydro plants with reservoirs and thermal plants are producing at 
 full capacity, typically during high consumption periods in the win- 
 ter, and low production from wind and run-of-river hydro. 
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(17)•  In the summer, production from hydro plants with reservoirs and  
 thermal plants is close to zero. This occurs in periods of low con- 
 sumption and high output from wind and run-of-river hydro, forc- 
 ing hydro plants with reservoirs and thermal power plants to hold 
   back production. Figure 7 illustrates the low levels of regulated 


hydro production during summer nights in dry years.


The first situation leads to more price peaks in the day-ahead market, 
 typically at the same level as continental peak prices. In the operating 
 hour, the resources for up-regulation become scarcer. This increases 
 prices in the balancing market. 


In the second situation, characterised by low consumption and high 
 wind and run-of-river production, the result is very low prices in the 
 day-ahead market. In the operating hour, the options for short-term 
 down-regulation are more limited. This can result in higher prices in 
 the balancing market. An additional challenge in this kind of situation 
 is that the flexible hydro and thermal plants will not deliver any inertia 
 to the system since they are disconnected (see chapter 5).


All other factors remaining equal, an increased scarcity of flexible pro-
 duction in the Nordic region will have several consequences for the 
 power system:


•  Increased short-term price volatility in the day-ahead market, 
 more in line with European Continental prices. This will occur more in 
   the southern and eastern parts of the Nordic region than in the 
    northern part of the region.


•  Reduced hourly price differences between the southern parts of  
 the Nordic region and the European Continent.


•  Higher balancing costs.


•  Less inertia during periods of very low production from nuclear, 
 other thermal and large hydro plants.


•  More power transmission between the hydro stations with 
   reservoirs and the consumption centres and the interconnectors  


in the south.


2.3  Continental development reduces the available flexibility 


The continental market has currently sufficient thermal production 
 capacity to cover the demand during the periods of low production 
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Figure 7 Simulated production from regulated hydropower in Norway 
 and Sweden combined. Average of five dry years in 2025.
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(18)share of the thermal capacity will shut down. If this happens, the ca-
 pacity margin5 in the day-ahead market will be gradually tighter over 
 the next decade. This will affect the Nordic countries since there is a 
 probability of having a tight margin on the Continent and in the Nordic 
 area at the same time.


The UK and France are establishing capacity markets and several 
 other countries are considering the same, however not the Nordic 
 countries. It is uncertain, how these markets will be operated towards 
 2025, and to which extent the consumption will participate. In addi-
 tion, Germany has chosen to establish a strategic reserve instead of 
 a capacity market. This makes it more likely that the capacity margin 
 in the European continental day-ahead market will be tighter. Statnett 
 made an analysis that investigates the consequences of not having 
 capacity markets in Europe (Statnett 2015a). The main conclusion is 
 that this will lead to less thermal capacity in the day-ahead and balanc-
 ing markets, and therefore more numerous and higher price spikes. 


The study also indicates higher price peaks in the hours with a tight 
 margin in the Nordic countries.


2.4 Large potential for new flexibility in the Nordic region 


There is large technical potential for expanding available flexibility 
 within the Nordic area, although they offer different potential for flexi-
 bility. Some new possibilities are for example:


•  Consumer flexibility – households, energy-intensive industry, heat 
 and transport sector


•  Expanding the flexibility of hydro plants by installing additional 
 turbines and pumps


•  Utilising intermittent renewable wind, solar and hydro production  
 for balancing purposes


•  Installing batteries combined with solar energy


•  Constructing peak load gas turbines


•  Rebuilding existing CHP plants to make them more flexible


•  Utilising nuclear plants in balancing markets 


5The difference between the available generation capacity and consumption.


6 For the bidding zones in the Nordic countries please refer to Nord Pool: http://nordpoolspot.com/maps/#/nordic 


Figure 8 Hourly observed day-ahead prices in southern Norway and 
 Germany – Week 2, 2016. Because of capacity constraints within the 
 hydro system, southern Norway is subject to the exact same price vol-
 atility as in Germany. In this case, the socio-economic benefit of adding 
 more transmission capacity is low. This illustrates the link between day-
 ahead prices and capacity constraints. 
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(19)Energy-intensive industry in Finland, Sweden and Norway can provide 
 more flexibility both in the day-ahead and the balancing market. The 
 consumption of households has been highly inflexible so far, but with the 
 introduction of smart metering and the resulting opportunities to manage 
 household equipment more astutely, this may change. This will enable 
 households to shift some of their consumption from peak hours to off-
 peak hours. How significant the overall contribution from the demand 
 side will be in the period leading up to 2025 is however uncertain, and will 
 depend on both technological developments and economic incentives. 


There is major technical potential to increase hydro generation capac-
 ity, in particular in the southern part of Norway. The water Framework 
 Directive might constrain this possibility and it is hence important that 
 the implementation of the directive is done with as little impact on the 
 hydro regulation potential as possible. In addition, several studies 
 have demonstrated a technical potential for pumping plants running 
 into thousands of megawatts. This would require huge investments7 
 and would not be profitable under current market conditions. 


Wind, solar and run-of-river hydro plants always have the possibility of 
 down-regulating their production. They can also deliver up-regulation if 
 production has been reduced in advance. Combined heat and power pro-
 duction with a closer interaction with the heat market can also make an 
 increasingly important contribution, especially during periods of low elec-
 tricity consumption and high production from wind and run-of-river hydro.


2.5  Challenges and possible solutions in the next decade


The power system is increasingly experiencing higher scarcity of ex-
 isting production flexibility. However, there is significant potential for 
 adding new flexibility. In a well-functioning market, a severe shortage 
 of flexibility should therefore be avoidable. It is uncertain whether the 
 markets of today can solve this challenge. Will the economic incen-
 tives be strong enough? Are regulatory or technological obstacles or 
 delays in developing new market designs hindering the transition to-
 wards a system with a more diversified supply of flexibility?


More short-term price volatility in the day-ahead market and periods 
 of higher prices in the balancing markets should provide incentives 
 for expanding flexibility, which suggests that the market should be 


7New tunnels represent the main cost
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Figure 9 Observed volumes for up and down-regulation 2010–14. The 
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 ing this period. However, we expect a need to increase – with more RES 
 and interconnectors in the years leading up to 2025.
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(20)prices for end-users. Such market imperfections can make the transi-
 tion less smooth and pose challenges for the operation of the power 
 system in coming years. In severe cases, it could lead to hours without 
 price formation in the day-ahead market, and periods of insufficient 
 available balancing resources in the operational hour. It is also possible 
 that these challenges will manifest themselves in geographical sub- 
 areas even though there is sufficient flexibility on a system level. 


One prioritised area for TSO cooperation is to develop more know-
 ledge about the technological and economical potential for new flexi-
 bility in order to gain a more precise picture of the possible challenges 
 of balancing the system in the coming years. Other possible solutions 
 that could be implemented by the TSOs are: 


•  Developing the power and reserve markets to more accurately 
 reflect the changing fundamentals of the power system. More fine-
 ly tuned time resolution in the day-ahead and intraday markets as 
   well as the balance market, and more emphasis on the intraday 
 markets would, for instance, reduce the imbalances and hence the 
 need to balance resources within the operational hour. 


•  Utilising the transmission capacity more efficiently – continuing to
 evaluate different capacity allocation options.


•  Restrict ramping on each HVDC interconnector even further.


Possible solutions requiring broader collaboration: 


•  Ensuring that the rules and regulations of the market facilitate the 
   most cost-effective development and utilisation of available flexi- 
  bility. 


•  Utilising the information provided by the automatic metering 
 system (AMS) to introduce demand response.


The challenges presented by a shortage of available flexibility, and 
 the possible solutions, are further discussed in Chapter 3 (Generation  
 adequacy) and Chapter 4 (Frequency quality). The flexibility issue also 
 impacts the benefits of building new transmission capacity and the 
 availability of inertia.
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(21)3.1   Introduction


Generation adequacy expresses the ability of generation capacity to 
 match the load in the power system.


As larger amounts of renewable energy are integrated into the power 
 system there is a move from regional to European markets and there is 
 hence an increasing need to have a Pan-European overview of genera-
 tion adequacy. At the same time, reduced profitability of conventional 
 power generation represent a growing potential challenge to future 
 capacity generation adequacy. Generation adequacy relates to the 
 part of security of supply concerning the ability of the power system to 
 supply customers’ aggregate power requirements. The ongoing and 
 foreseen changes of the power system will make it more difficult and 
 expensive to fully eliminate the risk of capacity shortages. This implies 
 a need for a clear definition of generation adequacy, and discussions 
 of the socio-economic best instruments to use in order to maintain 
 generation adequacy.


In January 2016, the Nordic power system experienced a market situ-
 ation with a very tight demand-supply balance in the day-ahead market 
 (Figure 10), and following high prices in most of the Nordic bidding zones. 


  


Along with the first market signals of a tighter demand-supply bal-
 ance, generation adequacy studies are highlighting an increasing risk 
 of energy not supplied to the consumers. Additionally, the recent as-
 sessment from ENTSO-E shows that an increasing number of coun-
 tries plan to rely on imports to maintain adequacy in the period leading 
 up to 2025, and a growing importance of cross-border exchanges in 
 the pan-European system. 


In order to assess whether or not increasing dependency on neigh-
 bouring countries and increasing shares of renewable energy pose a 
 challenge for the Nordic power system, it is important to make a com-
 mon assessment of capacity adequacy. Therefore, future analyses of 
 adequacy should be based on a jointly developed methodology that 
 adopts a probabilistic modelling perspective for all hours of the year. 


This would facilitate a more consistent assessment of variable renew-
 able energy generation, projected interconnector flows, demand-side 
 management and flexibility in the market.


Figure 10 Demand-supply balance in the Nordic power system on 21 
 January 2016, showing a very tight demand-supply balance. Market 
 Data from Nord Pool Spot.


400
 350
 300
 250
 200
 150
 100
 50
 0


Demand-supply balance in the Nordic Power system on 
 21 January 2016


     30 000       40 000      50 000       60 000      70 000


€/MWh


MW
 Demand


Supply


Page21



(22)and reduced profitability of conventional power generation result  
 in reduced capacity from nuclear and other thermal power plants.  


  Inadequate generation should also be viewed in the context of  
 market developments. If price signals are too low for market  part- 
 icipants, the latter cannot react adequately, either in terms of short- 
   term responses to shortage situations, or in terms of long-term 
    investment decisions. Thus, generation adequacy is a question of  


getting prices right.


•  Lack of cross-border adequacy assessment: Expanding 
   market integration and increasing cross-border capacity means 
   that, as a minimum, regional adequacy assessments will be re- 
   quired to properly evaluate shortages and thus identify the right 
 basis for appropriate mitigation measures. However, it is also nec-
   essary to acknowledge that some adequacy challenges occur in 
    local situations, e.g., where demand can be “locked-in” due to 


faults on transmission lines.


•  Need for methodologies: Traditional adequacy methodologies 
   are national and deterministic. These include parameters like  


available thermal capacity and seasonal peak load demand. Conse-
   quently, adequacy assessments disregard capacity based on  
   variable power sources, underestimate the value of transmission 
    capacity, and do not cover the uncertain nature of faults in compo- 


nents in the power system. 


3.2  Challenge 1: Securing sufficient, trustworthy capacity 
 through market signals


The Nordic region as a whole is receiving an increasing share of RES. 


At the same time, low wholesale electricity prices are reducing reve-
 nues from traditional power plants, which in turn lead to a decreasing 
 capacity for thermal power plants such as coal and nuclear. Demand 
 is not expected to change significantly since economic activities are 
 only expected to pick up slowly and use of power in other sectors (e.g. 


heating and transport) is not forecast to increase dramatically.


In overall terms, an evolving common European market is providing 
 the basis for determining production capacity in the power system. 


to serve that purpose, the regulatory framework and the market de-
 sign have to facilitate proper market dynamics. 


There must be room for higher price max and that price signals reach 
 market participants. If proper price signals do not reach market partic-
 ipants, the latter cannot react adequately, be it short-term responses 
 to shortage situations or long-term investment decisions. 


3.3  Challenge 2: Increasing adequacy issues in the Nordic 
 power system


3.3.1 ENTSO-E and Nordic approaches


ENTSO-E’s generation adequacy assessment is based on a nation-
 al power balance-based approach, which includes parameters such 
 as “available thermal capacity” and “seasonal peak load demand”, 
 but often disregards capacity based on intermittent energy sources. 


(ENTSO-E 2015d)


The Nordic countries (mainly TSOs) have carried out a number of 
 studies that take account of national adequacy issues, including as-
 sumptions on interlinked neighbouring countries. Some of the studies 
 are deterministic while others are probabilistic. 


Please note that the output figures are not direct assumptions of black-
 outs since additional measures can be used in operations. However, it 
 is important to highlight that these kind of models often overestimate 
 actual flexibility. They give an indication of the risk of adequacy prob-
 lems, but have a tendency to underestimate actual risk.


3.3.2 Danish studies 


In 2015, both Energinet.dk and the Danish Energy Agency conducted 
 adequacy assessments based on probabilistic approaches. The mod-
 els were spreadsheet-based, and built on consumption, wind and so-
 lar power profiles. (Energistyrelsen 2015) Overall, the analyses do not 
 reveal major adequacy issues in the Nordic countries. The sensitivity 
 analyses in one of the studies conclude:


•  Any rise in the risk of failure on interconnectors would have a rela- 
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(23)tively large impact on risks for Danish generation adequacy. 


•  A faster shut down of some of the Danish decentralised and cen- 
 tralised power plants (compared to the 2025 scenario presented 
 in chapter 1.4) increases the risk of Danish generation adequacy  
 problems. This effect is stronger in eastern than in western Denmark.


According to Energinet.dk’s generation adequacy assessment for 
 Denmark, generation adequacy in eastern Denmark will come under 
 pressure in 2018, as the strategic reserve of 200 MW has not been 
 approved. By 2020, the level of security of supply will no longer be 
 critical, given expected developments in neighbouring countries and 
 the estimated domestic capacity. If more power stations than expect-
 ed are closed down in eastern part of Denmark or the Kriegers Flak 
 interconnector is delayed, new initiatives may be required to maintain 
 security of supply levels in eastern part of Denmark.


3.3.3 Finnish studies


In 2015, a deterministic study of the adequacy of power capacity was 
 conducted in Finland for the period leading up to 2030 (Pöyry 2015). 


The study concluded that the capacity deficit in Finland in relation to 
 peak demand will be at its highest around 2018. It also concludes that 
 Finland will be dependent on imports until 2030.


Fingrid has developed a method of assessing the power adequacy of a 
 power system with stochastic characteristics and conducted a probabil-
 istic study of adequacy in Finland (Tulensalo 2016). The study focused 
 on the day-ahead market and system service reserve capacity was cat-
 egorised as unavailable. The occurrence of faults affecting both gener-
 ation units and cross-border interconnectors was taken into account. 


Exchanges with Russia were not taken into consideration in the study. 


Loss of load expectation (LOLE) shows how many hours’ loss-of 
 load can be expected during a year. These figures are not the same 
 as blackout or brownout, but only provide an indication of potential 
 stressed capacity balances that will need to be managed. Finally, the 
 capacity margin shows any missing generation capacity or demand 
 flexibility.


Main conclusions:


Even though some of the Nordic countries are dependent on im-
 ports, the overall picture is that interconnections are sufficient to 
 address the import needs, and seen as a whole the total remaining 
 capacity is also sufficient to cover peak demand.


• Some countries, e.g. Belgium, Denmark, Finland and Sweden are 
 structurally dependent on imports through the period analysed 
 2016–2020–2025.


• The need for imports appearing at the beginning and at the end 
 of the year indicates the effect of low temperatures and a corre-
 sponding increase in demand.


Source: (ENTSO-E 2015d)
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(24)In overall terms, the Finnish studies show that the EENS will increase 
 over the next ten years in Finland, and that the dependency on neigh-
 bouring countries will also rise.


3.3.4 Norwegian study


In 2015, Statnett conducted a deterministic study (Statnett 2015a). 


The study concluded that in 2030 Europe will have a negative capacity 
 margin at an average of 0.3 per cent of the time, but that this will vary 
 significantly between climate years. During the worst years, the capac-
 ity margin will be negative roughly 2 per cent of the time, and some 
 countries will be close to rationing.8 These results assume a long-term 
 market balance and do not take into account the probability of availa-
 ble grid and generation. 


The study shows that although sharing back-up capacity helps in 
 many hours, the potential is limited during periods of high residual de-
 mand (demand after deducting solar and wind power production). The 
 study analyses correlations in European weather patterns based on 
 weather series. During winter, residual demand in one country is more 
 than 60 per cent dependent on the residual demand in neighbouring 
 countries. This poses no problem in normal conditions; sharing of 
 back-up capacity and flexibility generally functions well. The problems 
 will arise on days when residual demand is very high in several coun-
 tries at the same time.


8 It should be noted that this conclusion is based on the assumption of an energy-only market, and hence does not take account of any capacity mechanisms.


Simulation 


year LOLE (h) EENS 


(MWh) In a medi-
 an year


In a cold 
 year once 
 in 10 years


2012 0.01 ± 0.14 1.4 ± 29 1400 890


2014 0.07 ± 0.09 15 ± 24 990 490


2017 1.8 ± 0.54 490 ± 220 360 −290


2023 5.3 ± 1.1 1800 ± 550 90 −680


Table 1 The simulation results of the case studies for 2012–2023. Loss of 
 load expectation (LOLE) and expected energy not supplied (EENS) are pre-
 sented with a 95 per cent confidence interval for all simulated cases (Tulen-
 salo, 2016). The simulation results show that there is an increasing risk of 
 energy not served over the next ten years.


Figure 11 Duration curves for Finland of the minimum remaining  
 capacity index during the simulated years 2012, 2014, 2017 and 
 2023. (Tulensalo 2016)
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(25)3.3.5 Swedish study for 2030


During 2015 Svenska kraftnät developed a new method for assessing 
 the Swedish adequacy situation based on probabilistic modelling. The 
 spot market for 2030 was modelled without any strategic reserves. 


Consequently, the loss-of-load in the simulations should be interpret-
 ed as a situation when the spot market does not clear. In addition, the 
 market is modelled without demand price elasticity and demand flexi-
 bility, which would improve the situation.


If we are looking only at the expected capacity margin, Sweden should 
 not experience any shortage. If, instead, the individual simulations are 
 analysed, the picture is somewhat different. Figure 12 shows the sim-
 ulated capacity margin for 2030 and in 70 out of 500 simulated years 
 the spot market will not clear, i.e. the margin is negative. If a strategic 
 reserve of 750 MW is assumed, 17 out of 500 simulated years will 
 still show lack of capacity. This result can also be expressed as a 3.4 


% probability of having at least one hour with the loss of load in 2030, 
 even with the capacity reserve activated.


  


2030 LOLE (h) EENS 


(MWh) Capacity 


margin (MW)


SE1 0.04 0.3 145


SE2 0.04 0.6 243


SE3 1.1 453 830


SE4 1.1 122 223


Table 2 Results from adequacy analyses of the spot market in the Swedish 
 bidding zones. Please note that these figures are not the same as blackout or 
 brownout figures, but only provide an indication of potential stressed capaci-
 ty balances that will need to be managed. Finally, the capacity margin shows 
 any missing generation capacity or demand flexibility. The results show that 
 in 2030 SE3 will have the highest risk of energy not supplied followed by SE4. 


Both SE1 and SE2 have a very low risk.


Figure 12 Illustration of the minimum regional margin in each of the 
 500 simulations for bidding zones SE3 and SE4 in 2030. Here, 70 of 
 500 years have a negative value, which means that the spot market will 
 not clear without additional measures.
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(26)A shared feature of all the studies is the complex nature of the various is-
 sues that can cause adequacy shortfalls. Shortfalls arise when a series of 
 events occur such as cold winter spells combined with increasing num-
 bers of faults with infrastructure or generation facilities. Consequently, 
 it has to be acknowledged that no simple fixes exist, and that isolated 
 mitigation measures are not capable of addressing all the shortfalls.    


The methodology of the Danish, Swedish and one Finnish study is 
 based on a probabilistic modelling approach (Monte Carlo), which 
 models every hour of the year using historical weather and demand 
 profiles. These are combined randomly with the stochastically simu-
 lated availability for interconnectors and power plants. 


In 2014, ENTSO-E highlighted a need to improve the modelling of 
 transmission management in times of scarcity. It decided to switch to 
 a probabilistic analysis, which is more suited to an interconnected sys-
 tem characterised by variations in load and high penetration of variable 
 generation. In 2015, ENTSO-E conducted a pilot phase study in order 
 to define a framework for probabilistic market modelling adequacy as-
 sessments for the forthcoming Mid-Term Adequacy Forecast Report 
 and subsequent developments in further reports. The overall principle 
 adopted in the probabilistic studies was to simulate several years’ op-
 eration of the power system on an hourly basis, with hourly profiles 
 for wind and solar power and demand. It also includes the availability 
 of thermal power plants and interconnectors (including both planned 
 and forced outages). In the ENTSO-E pilot phase, outages for intercon-
 nectors were not included in the model; however, the forthcoming Mid-
 Term Adequacy Forecast Report will include some interconnectors.


Flexible production is simulated using a methodology in which each 
 power station is assigned a risk of being unavailable (for example, due 
 to a breakdown) in a given hour while international connections can 
 drop out individually, or all connections to a neighbouring region can 
 drop out at the same time due to inadequate power in the region. 


Future analyses of adequacy should apply a new common metho- 
 dology, including a probabilistic modelling perspective for all hours 
 of the year, which enables a more consistent assessment of varia-
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