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                    The grid is the platform that connects electricity producers 
 and consumers. Hence, TSOs play a key role as enablers 
 in sector and wind power integration together with other 
 players, such as DSOs. TSOs provide access to the grid and 
 markets for both consumers and producers. The objective 
 is a system in which users and producers have favourable 
 conditions to invest in the Nordics. While the investments 
 in clean generation and demand facilities themselves will 
 be carried out by other companies, the role of TSOs will be 
 to enable such investments by electricity network 
 develop-ment, as well as being responsible for the system operation 
 and contributing to market design. 


With the rapidly progressing energy transition and upcoming 
 electrification, TSOs must create a platform for a clean 
 elec-tricity system at an unprecedented pace, while 
 simultane-ously ensuring that the future system will be secure. This 
 requires good cooperation and communication between 


TSOs and stakeholders, both the existing stakeholders that 
 we enjoy good collaboration with today, and new 
 stake-holders in emerging sectors. Many of the necessary TSO 
 measures still relate to core TSO business – for example, 
 connecting new generation and demand, optimising the 
 performance of existing power systems, building planned 
 grid investments, facilitating players’ access to the common 
 markets, as well as secure operation of the power system. At 
 the same time, new demand, generation, storage and grid 
 technologies, as well as market mechanisms related to sector 
 integration, require intensified development activities by all 
 stakeholders.


The strategic themes for actions that the TSOs must take 
fall into three categories that reflect the building blocks of 
the strategy: Adequate infrastructure, Secure power system 
and an integrated market, and Optimised energy system.


4.4.1 Adequate infrastructure


Build adequate infrastructure including in the  
 Baltic and North Sea regions


The increase in clean energy generation and new 
 consump-tion sources will require new transmission infrastructure. 


When planning and building infrastructure, we must consider 
 new sources of demand from different energy sectors, the 
 impact of the location of new demand or generation on the 
 socioeconomic welfare, as well as market solutions that are 
 suitable for the offshore grid.


Adequate infrastructure reflects the necessary 
 infrastruc-ture in terms of economically efficient build-out and system 
 planning that leads to total optimisation on the energy 
 system level. TSOs must plan and optimise the electricity 
 grid, taking into account other types of infrastructure, based 
 on climate-neutral scenarios, while gaining insight into future 
 needs for system planning and operation in order to make 
 robust investments.


TSOs must be swift and accurate in providing the right 
 solu-tions, at the right time and at the right location in order to 
 maintain a secure power system and fulfil the needs of clean 


energy generation and new demand facilities. At the same 
 time, TSOs work in the interests of society and take 
 stake-holders’ concerns into account.


The development of transmission capacity requires 
 contin-uous and strong coordination between the Nordic TSOs, but 
 also between the Nordic region and neighbouring areas such 
 as the Baltic and North Sea region. There will be a greater 
 need for coordination when the areas are more closely 
 connected via strong HVDC capacity and common markets. 


Adequate infrastructure Secure power system and integrated market Optimised energy system


•  Build adequate infrastructure including the Baltic 
 Sea and North Sea regions


•  Speed up connection to grid


•  Optimal utilisation and performance of the existing 
 system


•  Use the full transmission technology mix for further 
 grid expansion


•  Develop tools and create cooperation models for 
 holistic energy system planning


•  Use ambitious wind power and electrification 
 scenarios in system planning


•  Ensure market access and financial incentives for all 
 energy resources to provide adequacy, flexibility and 
 system services


•  Develop the requirements for new energy resources 
 to ensure their flexibility and the system security


•  Create tools to monitor flexibility and also forecast it 
 at a Nordic level


•  lntroduce offshore bidding zones and integrate 
 offshore solutions into the electricity market
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Speed up connection to the grid


Renewable power and new demand are being connected 
 to the grid at an increasing pace. The speed at which 
 trans-mission capacity is increased is often slower than the speed 
 of building new renewable power plants or other demand/


generation to be connected to the grid. Thus, there is a need 
 to improve the speed of grid connection, including the 
 rein-forcement of transmission capacity. 


TSOs must identify the main obstacles and/or 
 time-con-suming aspects of the process and how to make them more 
 efficient, without compromising sustainability and cost 
 effectiveness in either the development of power 
 genera-tion or transmission capacity, while ensuring societal 
 accept-ance. The development includes processes before the actual 
 building of transmission lines, for example, an environmental 
 impact analysis and its timing, permits and approvals, as well 
 as TSOs’ internal processes. In addition, solutions like a 
 flex-ible connection agreement enables a customer to connect to 
 the grid earlier than in a situation in which a reinforcement of 
 transmission capacity is required before the customer can be 
 connected. This concept will be further developed.


Optimal utilisation and performance of the existing 
 system 


While the need for new transmission capacity is increasing, the 
 expectations of TSOs regarding cost efficiency and the ability 
 to consider environmental aspects are also increasing. This 
 motivates TSOs to innovate new smart solutions in which 
 trans-mission capacity can be increased without building new lines. In 
 addition to new solutions, sharing and coordinating best 
 prac-tices that are already in use among TSOs should also be 
 consid-ered. Regulation should also support this kind of development.


There is a need for a joint Nordic assessment of 
 opportuni-ties for increased utilisation and efficient operation of the 
 existing grid through coordinated measures of engaging new 
 types of flexibility through sector integration. Furthermore, 
 several additional technical projects fall under this theme, 
 such as dynamic line rating and series/shunt compensation. 


These projects are necessary to get most out of the existing 
 infrastructure as the system around it experiences energy 
 transition. Also, smart solutions through the use of big data 
 and artificial intelligence for data analysis could enable power 
 system operation that is closer to its limits.


Finally, TSOs must be transparent about current and future 
 grid congestion and local differences in electricity systems. 


Only then will it be possible to optimise the location of new 
wind power production and new flexible demand, resulting 
in the balanced buildout of renewable energy, demand and 
transmission grids. 


Use the full transmission technology mix for further  
 grid expansion


A broad use of technologies when increasing transmission 
 capacity is derived from the fact that new technologies 
 offer benefits in terms of performance and cost-efficiency 
 compared to traditional technologies. 


Nordic TSOs use a wide range of technologies but will work 
 together to push the development of new technologies, as 
 well as utilise existing technologies. These are needed to 
 build a system that is up to the challenge of electrifying 
 the Nordic countries. These new technologies could include 
 a higher voltage level than is used today, internal DC lines, 
 meshed offshore grids, etc.  


4.4.2 Secure power system and integrated market
 Ensure market access and financial incentives for all 
 energy resources to provide adequacy, flexibility and 
 ancillary services


The right financial incentives and easy access for all available 
 energy resources to the marketplaces is vital for sufficient 
 adequacy, the growth in flexibility and provision of ancillary 
 services.


The volatility in the future system is increasing meaning 
 greater variation regarding adequacy, balances, flows and 
 prices. The power balance in the Nordic system is already 
 today negative in cold winter days and we have to rely on 
 imports. As power generation is facing massive changes 
 both in the Nordics and the rest of Europe with phasing in 
 of variable renewables combined with decommissioning of 
 thermal plants, the operation of the power system will be 
 challenged. The need to assess generation adequacy and 
 further develop efficient markets is a priority.


It is of great importance for an efficient market and secure 
 power system operation that flexibility, in terms of both 
 consumption and production, is active. Easy access to a 
 well-functioning marketplace needs to be provided with 
 financial incentives for all energy resources in order to ensure 
 flexibility. In the short term, market signals should accurately 
 reflect the existing situation in the power system, in terms 
 of both time and geography. In the long term, investment 
 incentives for flexibility resources are important to ensure 
 adequacy, flexibility and ancillary services.


Balancing markets are being developed to initially have regional 
 market platforms and then to connect the Nordic region to 
 the European balancing energy markets. The Nordic Balancing 
 Model programme and the introduction of 15-minute market 
 time units across the different market time frames are key 


enablers for the growth of renewable energy. These changes 
 will allow for more accurate pricing of flexibility. The 15-minute 
 markets will be accompanied with major changes in system 
 operation with needed automatization of system operation 
 processes related to balancing and congestion management.


Non-frequency ancillary services (steady state voltage 
 control, fast reactive current injections, inertia, stability, 
 short-circuit current, black start capability and island 
 oper-ation capability) currently have no markets, with the 
 excep-tion of procuring fast frequency reserves naexcep-tionally for low 
 inertia situations. Markets will be developed for 
 non-fre-quency ancillary services where they are feasible in order to 
 have the necessary tools for managing power system.


Local flexibility markets are a promising option for managing 
 grid constraints. To further improve the role and functioning 
 of local flexibility markets, the aim is to integrate them with 
 existing markets. Thresholds for participating in the ancillary 
 services markets should be lowered, for example, by 
 coor-dinating aggregation together with DSOs. Nordic TSOs 
 will also actively participate in the development of the new 
 European regulatory framework for demand- side flexibility. 


Nordic TSOs will work towards ensuring a level playing field 
 for all energy carriers and identify potential barriers to it 
 within their areas. 
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Develop the requirements for new energy resources to 
 ensure their flexibility and system security


New types of consumption and generation bring new 
 features to the power system. A high ratio of converter 
 connected energy resources will challenge the power system. 


Thus, it is crucial to ensure that renewable energy sources 
 have the technical capability (within the inherent limits of 
 the technology) to provide flexibility and system services, 
 for example, requirements on functionalities for converter 
 connected technologies, etc.


Demand-side flexibility will be crucial in a future power 
 system with a large share of variable renewable energy. It is 
 important to introduce requirements that enable the 
 provi-sion of flexibility on new consumption. What may constitute 
 the necessary requirements for flexible consumption needs 
 to be further analysed. 


Technical requirements regarding new types of 
 consump-tion and generaconsump-tion need to be updated to ensure system 
 security. Examples of new resources include large offshore 
 hubs, electrolysers, charging stations for electric vehicles 
 and heat pumps. Connecting these resources to the power 
 system may risk the security of supply if they are not properly 
 considered in TSO requirements for connected resources. 


These requirements define the required functionalities for 
 the connected resources to avoid negatively impacting the 
 power system and to support system security instead (e.g. 


by enabling ancillary services). 


Create tools to monitor flexibility and also forecast it at 
 a Nordic level


Wind power and other weather-dependent generation cause 
 rapid changes in the power system that can be monitored 
 and understood on the system level. Thus, TSOs must have 
 situational awareness of the power system on the Nordic 
 level. This requires the ability to monitor and forecast 
 changes, but also the ability to monitor the need and 
 availa-bility of the flexiavaila-bility.


Monitoring is a necessary tool for understanding the need 
 and availability of flexibility in the market, particularly when 
 new flexibility resources from distributed resources and from 
 different energy sectors will be in place. This requires 
 contin-uous collaboration between TSOs, DSOs and other energy 
 sectors. In addition, a forecast of the required and available 
 flexibility is important in order to react beforehand to 
 poten-tially challenging operational situations. 


Introduce offshore bidding zones and integrate  
 offshore solutions in the electricity market


The total power system should be considered as a single 
power system, either located onshore or offshore. In 
prac-tice, this means that market design, regulation, roles and 
responsibilities should be similar to onshore and offshore 
grids, where appropriate.


Nordic TSOs will work towards the introduction of offshore 
 bidding zones, which can be connected to each other and 
 also more than one onshore bidding zone. Efficient system 
 operation requires that TSOs have the same 
 responsi-bility for onshore and offshore grids. Onshore and offshore 
 market players should be given similar access to the reserve 
 markets and similar technical requirements within the 
 frame-work of secure operation and the anticipated imbalances of 
 offshore bidding zones should be included in the reserve 
 dimensioning. Offshore consumption, for example, hydrogen 
 production, should have the same requirements and 
 oppor-tunities as onshore consumption within the framework of 
 system security.


Offshore bidding zones leads also to close TSO cooperation 
 with the neighbouring regions as the large offshore 
 initia-tives are located in the Baltic and North Sea regions.


4.4.3 Optimised energy system 


Develop tools and create cooperation models for  
 holistic energy system planning 


Large-scale wind power, offshore and onshore, as well as the 
 integration of different energy sectors, bring new elements 
 to the planning of the entire energy system. At the same 
 time, electricity markets are getting more integrated, and 
 the optimisation of energy systems requires new tools and 
 broader cooperation. The new planning tools not only include 


models that represent the dynamics of electricity 
 genera-tion (e.g. offshore wind power) and consumpgenera-tion from new 
 sources, but also a better understanding of different 
 stake-holders and their needs. 


Furthermore, traditional electricity grid planning will change 
 to more holistic planning in which more alternatives to 
 traditional transmission lines will exist. For example, a gas 
 or a hydrogen grid could be considered an alternative to an 
 electricity grid in the Nordic cross-border planning. Holistic 
 planning also covers different flexibility options to overcome 
 high transmission situations without building new lines. For 
 example, storing electricity or heat generated during the 
 summer to be used in the winter or producing hydrogen that 
 can be transported and stored via a new hydrogen 
 infrastruc-ture. This requires the development of models for 
 applica-tion of long-term flexibility and other types of infrastructure 
 for long-term energy system planning.


A new type of cooperation is needed in order to understand 
 and optimise the wider energy system, including all energy 
 sectors, flexibility potential and the needs of distribution 
 system operators. Also, broad cooperation is required with 
 the neighbouring regions of the Nordics, such as the Baltic 
 and North Sea regions in which increasing offshore wind 
 power will have a role. The developments in these 
 neigh-bouring regions also affect the Nordic region. The planning 
 of offshore grids for offshore wind power should from a part 
 of the holistic energy system planning. Offshore grid 
 plan-ning also requires planplan-ning principles to be updated.


Use ambitious wind power and electrification  
 scenarios in system planning 


Large-scale wind power development enables ambitious 
 electrification. Nordic TSOs will assess ambitious Nordic 
 wind power and electrification scenarios that reflect the 
 potential of sector integration, both onshore and offshore 
 wind power, to identify possible locations and the required 
 new grid capacity. The assessment will constitute a guideline 
 for more profound system planning and will be the first step 
 towards holistic planning. The assessment will be conducted 
 at the Nordic level (as part of the biennial Nordic Grid 
 Devel-opment Perspective) and also from a European perspective, 
 taking into account the work conducted in the ENTSO-E 
 Ten-Year Network Development Plan (TYNDP).



A new type of cooperation is  needed in order to understand  and optimise the wider energy  system, including all energy  sectors.
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