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In the next phase of the energy transition, the electricity system evolves to one dominated by wind and solar generation. Moreover, we 
need to prepare to enable to a fully CO2 neutral electricity system beyond 2030. 

Before 2020 – Adding wind and solar generation in the system:   

In this first phase, the electricity system largely continues to operate as it used to, with a fleet of coal, gas and nuclear power plants as a backbone. As GWs 
wind and solar capacity is added, these primarily displace GWh output from these conventional plants. However, as this progresses, hours occur where 
wind and solar generation provide the majority of electricity generation. 

2020 – 2030 – Transition to electricity system dominated by wind and solar generation:  

With additional GWs wind and solar capacity added, increasingly periods occur with their generation exceeds demand. Grid capacity and interconnection 
constraints also limit the ability to use all wind and solar generation potential during peak times. These provides a growing business case for storage and 
demand flexibility. Secondly, for economic reasons (including CO2 price) or government policies, a part of the conventional generation fleet leaves the 
system. 

Beyond 2030 – Progressively decarbonise to fully CO2 neutral system:   

At some point, adding more wind and solar capacity to the system hardly further reduces CO2 emissions, unless the role of fossil generation during periods 
with little sun and wind is diminished. Short-term (day-night) battery storage and demand response, complemented by hydrogen as a solution for longer 
periods will then govern the ability to continue to reduced emissions to become CO2 neutral towards 2050. 

 

At the same time decentralisation and digitalisation result in both new challenges and new opportunities. 

The decentralisation and increasing number of generation and sizeable consuming devices, can result in changes in dynamic response and makes it 
increasingly complex to know the true state of the system. Fortunately, the power electronics and IT systems embedded in most of these devices also offer 
new opportunities for unlocking flexibility to address these key challenges.  

Energy system evolution in the energy transition 
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Flexibility can be defined as “the ability to cope with variability and uncertainty in demand, generation and grid, while maintaining a 
satisfactory level of reliability over all time horizons”1  

What is flexibility in the Electricity System? 

Needs for flexibility in the electricity system originate 
from deviations due to variability and uncertain availability 
of generation, demand and grid capacity over all time 
horizons (including the range from short term balancing, 
to long term adequacy). 

Flexibility sources have the ability to modify their 
generation injection and/or consumption patterns in 
reaction to an external signal, in order to provide a service 
in the power system. These can include generation, 
storage, conversion and demand response resources. 

Flexibility services are offered by flexibility sources 
connected to the distribution or transmission grid to serve 
the needs of different actors in the power system, such as 
grid operators and market parties. Key complexities lay in 
the facts that (i) multiple flexibility services can be 
required for different actors in the same or in an opposite 
direction, and (ii) some flexibility services are location-
specific, while others are not. 

 

Example flexibility source: leveraging EV 

batteries to store mid-day solar PV generation 

peak for use at night  

Providing multiple Flexibility services/ serving 

multiple Flexibility needs: maintain a stable grid 

frequency and avoid grid overload. 

1) ENTSO-E (2019). Framework for Power system flexibility.  
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The flexibility challenges require the unlocking of new flexibility resources 
in three main domains in the electricity system. 

Wholesale Market      

The variability of wind and solar generation is to a large extent predictable a day 
ahead. This variability will primarily be managed through the electricity wholesale 
market, where mismatches in generation and consumption in the portfolios is traded 
between market parties. In addition to the existing daily swing between peak-demand 
hours and low-demand hours, the swing between hours with peak wind and solar 
generation and very little is managed here. 

System balancing   

System balancing relates to maintaining the  equilibrium between power injection and 
power off-take in order to maintain a stable system frequency. In particular, the 
uncertainty in wind and solar generation forecasts is an important driver for increasing 
flexibility needs for system balancing. A key issue is that insufficient development of 
new flexibility resources among the Balance Responsible parties (market domain) 
can result in growing system imbalances. 

Congestion management and congestion alleviation  

Congestion management and alleviation relate to the optimisation transfer capacity of 
the existing grid and handling situations where the transfer capacity would be 
exceeded if no measures are taken. Increasing peak supply, new large sale 
generation locations and new demand centres give rise to increased needs in this 
domain. 

Power quality can be considered a fourth domain for growing flexibility 
needs. However, it requires dedicated solutions and is not addressed here. 

Growing need for flexibility in multiple domains 

 

TSO core responsibility 
• 0 - 3 GW balancing power, based on DENA study and own 

assumptions for market  and forecast1 
• 9 GW congestion alleviation additional innovative solutions 

needed to avoid grid extension or redispatch2 
• 2 GW adequacy/wholesale, based on average ENS/hour3 

Other 
• 48 GW dumped power (wholesale)2: power without integration 

into the system (not consumed, exported, or stored) 
• 19 GW peak shaving (congestion)2: prevention of infeed peaks 

in order to limit grid extension 
 
 

 

 

TSO core responsibility 
• 1 - 2 GW balancing power 
• 2 - 5 GW congestion alleviation 

Integration of renewables (wholesale) 
• 6 -  12 GW based on TenneT analyses for the 2019 Climate 

Agreement, and scenarios for the Investment Plan 2020. 
 

Indicative estimates for 2030 flexibility needs Netherlands 

Indicative estimates for 2030 flexibility needs Germany 

1) DENA (2020). Systemsicherheit 2050  

2) Netzentwicklungsplan Strom 2030 (2019) 

3) ENTSO-E (2018). Mid-Term Adequacy Forecast 2018 
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Fortunately, the transition to a CO2 neutral energy system, investments in new energy resources 
and new IT solutions offer new opportunities to meet the challenge of grow. 

Controllability of wind and solar generation becomes increasingly important. While it makes sense to avoid 
this to the extent economically sensible, it is likely to play an increasing role (both downward and upward from 
a reduced baseline). Technically, modern, wind and solar systems have the required functionalities. 

Demand response offers new potential in new electricity demand. This ranges from small consumers (charging 
of electric vehicles, smart heat pumps) to large industrial systems (power-to-heat, electro-chemical 
processes). While already seen at large scale consumers, smart new devices at small consumers offer a new 
range of options.  

Storage cost have been falling and are likely to continue to fall, in particular with respect to distributed battery 
systems. Moreover, drivers such as optimizing own consumption and investment in EVs (with storage 
embedded) are likely to provide a substantial new technical potential.  

Conversion and system integration / sector coupling, such as hydrogen production through electrolysis and 
power-to-heat systems, offer new flexibility potential that may grow rapidly in the coming decades. 

This tentative list is certainly not limitative. Instead, it is intended to shows that the full range of potential 
technologies should be welcome. 

What potential new flexibility supply options are available? 

H2 
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Prosumers that are making decisions to invest in solar PV, home storage, and/or smart devices such as EVs. All of 
these can potentially operate as flexibility resources that can be unlocked. 

Market parties (BRP1, BSP2, CSP3) have to manage the output of increasing quantities of variable renewable 
generation in their portfolios and to match these with the fluctuating demand the consumers in their portfolio. Today, 
they do so by active management of coal, gas and hydropower generation resources, cross-border trading and some 
demand response. 

TSOs  procure balancing services and, through these, manage short term adjustments in flexible generation, 
demand or storage resources to maintain a balanced electricity system and a stable frequency. Secondly, TSOs 
have to avoid grid overloading by peak loads in the transmission grids driven by growing capacity of variable wind 
and solar generation, evolving geographical distribution of generation capacity and likely new large-scale consumers 
in the future. Re-dispatching generation, in combination with demand response and storage are means to achieve 
this. 

DSOs  have to manage new peak loads in the distribution grid, driven by both growing capacity of variable wind and 
solar generation, as well as new electricity demand such as from electric vehicles and heat pumps. Reducing 
generation or consumption peaks and storage are potential means to flatten peak loads to keep these within the 
capacity of the existing grid. 

 

Key actors in flexibility in the Electricity System 

portfolio balancing 

system balancing 

congestion management 

congestion alleviation 

MWh 

procured 

MWh 

load 

TSO 

DSO 

50 Hz 

MW 

generated 

MW 

consumed 

1 BRP Balance Responsible Party 
2 BSP Balancing Services Provider 
3 CSP Congestion Services Provider 
Aggregator is one of the market parties that can fulfil these roles. 
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Fully facilitating the unlocking of new flexibility resources is key 

1. New flexibility resources will have to be available in time and at the required large scale to enable the role of flexible gas fired power generation to taper 
off, either driven by increasing CO2 price or complementary government policy. 

2. Market parties have to be fully facilitated to develop new flexibility resources, as for the coming years business cases are likely to be marginal while all 
shortfalls in this development is likely to increase the effort and cost involved in maintaining system balance by the TSO. 

3. Rapid developments in the energy system and the timelines for realisation of transmission grid projects make it likely that grid constraints continue to 
play a role for the coming years. Unlocking new flexibility resources to contribute to re-dispatching can play.  

 

But enabling new flexibility resources is complex 

• Often, more than one flexibility need can be served by the same resources at different times. A battery can help to resolve an unexpected system 
imbalance one day, and store peak solar generation another day as part of congestion management. Enabling participation to serve multiple functions 
improves the business case, as flexibility is used more efficiently. But it is complex to organize reliably and securely. Furthermore, gaming has to be 
avoided. 

• Moreover, a multitude of key stakeholders has to be facilitated adequately, including prosumers, market parties (supplier, BRP*, BSP*, CSP*), TSO, DSO 
and regulator. 

 

Practical experience and pilot projects are key mechanisms to make progress in handling this complexity and to develop suitable 
frameworks and systems. 

Main flexibility challenges for TSOs 

  * Aggregators can fulfil one of these roles. 
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How to proceed to ensure sufficient flexibility for the future? 

Regulatory aspects 

Promote an enabling regulatory framework, with a clear vision on 
flexibility in the wholesale market, system needs and congestion 
management and alleviation, with the aim to keep the electricity supply 
reliable, sustainable and affordable.  

Ensure that roles and responsibilities are clearly defined, so that 
incentives, financial returns and risks are fairly and efficiently allocated in 

accordance with these aims.  

 

Relevant TenneT initiatives example: Gridbooster (DE), Pilot Noord Nederland (NL) 

 

TenneT aims to facilitate flexibility in the system, addressing all essential aspects.  

Stakeholder aspects 

Engage proactively with stakeholders to promote enhancements in 
law/regulation, addressing barriers to unlocking flexibility, in addition to what 
is mandated by EU directives and national law. 

 

 

 
 

 
Relevant TenneT initiatives example: TenneT Webinar-Reihe (DE), E-TOP (NL) 

 Technology aspects 

Leverage TenneT’s expertise on the evolving need for flexibility, gained 
in research projects. For example, flexibility technologies needed to 
complement variable renewable generation, and the relevance of sector 
coupling with industry, heat, mobility and conversion. 

Provide access to essential data and facilitate processes that enables 
market parties to implement new technologies. 

 

 
Relevant TenneT initiatives example: Infrastructure Outlook 2050 (DE&NL), Smart 
Meter Allocatie 2.0 (NL) 

 

Economic aspects 

Remove hurdles in the market model and in TenneT’s processes, so 
that new and decentralised flexibility can fully participate on a level 
playing field in the electricity market, the key mechanism for efficient 
allocation of flexibility across multiple needs and for driving investments in 
new flexibility. 

Pro-actively explore options to increase efficiency, lower cost and 
develop flexibility opportunities with partners.  

 

Relevant TenneT initiatives example: Equigy (DE & NL), Redispatch 2.0 (DE), 
GOPACS (NL) 



Disclaimer 

This PowerPoint presentation is offered to you by TenneT TSO B.V. 

(‘TenneT’). The content of the presentation – including all texts, images 

and audio fragments – is protected by copyright laws. No part of the 

content of the PowerPoint presentation may be copied, unless TenneT 

has expressly offered possibilities to do so, and no changes whatsoever 

may be made to the content. TenneT endeavours to ensure the provision 

of correct and up-to-date information, but makes no representations 

regarding correctness, accuracy or completeness. 

 

TenneT declines any and all liability for any (alleged) damage arising from 

this PowerPoint presentation and for any consequences of activities 

undertaken on the strength of data or information contained therein. 
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TenneT is a leading European grid operator (Transmission System Operator, 

TSO). We design, build, maintain and operate the high-voltage electricity 

grid in the Netherlands and large parts of Germany and facilitate the 

European energy market. We are committed to providing a secure and 

reliable supply of electricity, today and in the future, 24 hours a day, 365 

days a year and to playing our role in driving the energy transition. We 

transport electricity over a network of approximately 23,500 kilometres of 

high-voltage connections, from wherever and however it's generated, to over 

42 million end-users while keeping electricity supply and demand balanced 

at all times. With close to 5,000 employees, we achieve a turnover of 4.1 

billion euros and a total asset value of EUR 23 billion. TenneT is one of the 

largest investors in national and international onshore and offshore electricity 

grids. TenneT makes every effort to meet the needs of society. This will 

require us all to take ownership, show courage and connect with each other. 

www.tennet.eu 
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